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Description
[Technical Field]

[0001] The presentdisclosure relates to an information
processing device and a method, and more particularly,
to an information processing device and a method capa-
ble of inhibiting an increase in a load of a reproduction
process.

[Background Art]

[0002] Conventionally, G-PCC (Geometry-based
Point Cloud Compression) that is an encoding technol-
ogy forencoding a point cloud thatis a set of points having
position information of a three-dimensional space and
attribute information (for example, a color, reflectivity,
and the like) with a geometry representing a three-dimen-
sional shape and attributes representing attribute infor-
mation being divided is under standardization in MPEG-
| Part 9 (ISO/IEC (International Organization for Stand-
ardization/International Electrotechnical Commission)
23090-9) (for example, see NPL 1).

[0003] Inaddition, there is ISOBMFF (International Or-
ganization for Standardization Base Media File Format)
that is a file container specification of an international
standard technology MPEG-4 (Moving Picture Experts
Group - 4) of moving picture compression (for example,
see NPL 2).

[0004] In addition, for the purpose of efficiency of a
reproduction process and network distribution from a lo-
cal storage of a G-PCC bit stream that is a bit stream of
encoded data encoded using this G-PCC, a method for
storing a G-PCC bit stream in an ISOBMFF file is under
standardization in MPEG-I Part 18 (ISO/IEC 23090-18)
(for example, see NPL 3).

[0005] A G-PCC file storing a G-PCC bit stream de-
fined in this NPL 3 has a structure for a partial access
and decoding based on three-dimensional space infor-
mation. The partial access is an access (extracting data
from a file) to a partial point cloud that is a part of an
object expressed by a point cloud (in other words, a part
of point cloud data). Particularly, in a use case of distri-
bution, by using such a partial access, data can be dis-
tributed for each track storing a partial point cloud (in
other words, adaptive distribution can be realized), and
it is useful for inhibiting increases in a processing load
and a band load.

[0006] Insuch a G-PCC file, a three-dimensional spa-
tial region (3D spatial region) can be defined as such a
partial point cloud. This 3D spatial region is composed
of a single or a plurality of tiles. A tile is a data unit of a
point cloud that is independently decodable. In the G-
PCC file, tiles composing a 3D spatial region are man-
aged. In addition, in the G-PCC file, it is managed which
track data of a certain tile is stored in. In other words, a
3D spatial region and a track storing the data are asso-
ciated with each other through a tile. Thus, at the time of
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a partial access, on the basis of this management, a tile
composing a desired 3D spatial region is specified, a
track storing data of the tile is specified, and data of a
desired 3D spatial region is extracted from the track.
[0007] A position, a size, a shape, a direction, a
number, and the like of an object expressed by a point
cloud can change in a time direction (can be formed to
be dynamic). For this reason, a 3D spatial region and
also a tile composing the 3D spatial region can change
in a time direction (can be formed as being dynamically).
In addition, a tile stored in a track can change in a time
direction (can be formed as being dynamically). Thus, in
a G-PCC file, information of a 3D spatial region, a tile
composing the 3D spatial region, a tile stored in a track,
and the like is managed as dynamical information.

[Citation List]
[Non Patent Literature]
[0008]

[NPL 1]

"Information technology - MPEG-I (Coded Repre-
sentation of Immersive Media) - Part 9: Geometry-
based Point Cloud Compression”, SO/IEC
23090-9:2020(E), 2020/11/28

[NPL 2]

"Information technology - Coding of audio-visual ob-
jects - Part 12: ISO base media file format", ISO/IEC
14496-12, 2015-02-20

[NPL 3]

Sejin Oh, Ryohei Takahashi, Youngkwon Lim, "Text
of ISO/IEC DIS 23090-18 Carriage of Geometry-
based Point Cloud Compression Data", ISO/IEC
JTC 1/SC 29/WG 03 N0075, 2020-11-02

[Summary]
[Technical Problem]

[0009] However, in the method described in NPL 3, a
3D spatial region, a tile composing the 3D spatial region,
a tile stored in a track, and the like can change for each
frame. For this reason, at the time of a partial access, a
track in which data of a desired 3D spatial region (data
of a tile composing the 3D spatial region) is stored needs
to be checked for each frame. For this reason, there is
concern that aload of a reproduction process of a content
using such a point cloud may increase.

[0010] The present disclosure is made in view of such
a situation and enables inhibition of an increase in a load
of a reproduction process.

[Solution to Problem]

[0011] An information processing device according to
one aspect of the present technology is an information



3 EP 4 266 256 A1 4

processing device including: a first information generat-
ing unit configured to generate first information about a
change in a relationship of a point cloud expressing an
object having a three-dimensional shape for three-di-
mensional spatial regions that are independently deco-
dable; a second information generating unit configured
to generate second information about the three-dimen-
sional spatial regions in accordance with the first infor-
mation; and a file generating unit configured to generate
a file storing a bit stream of encoded data acquired by
encoding the point cloud, the first information, and the
second information.

[0012] Aninformation processing method according to
one aspect of the present technology is an information
processing method including: generating firstinformation
about a change in a relationship of a point cloud express-
ing an object having a three-dimensional shape for three-
dimensional spatial regions that are independently de-
codable; generating second information about the three-
dimensional spatial regions in accordance with the first
information; and generating a file storing a bit stream of
encoded data acquired by encoding the point cloud, the
first information, and the second information.

[0013] An information processing device according to
another aspect of the present technology is an informa-
tion processing device including: an extraction unit con-
figured to refer to first information about a change in a
relationship of a point cloud for three-dimensional spatial
regions that are independently decodable, which is
stored in a file in which a bit stream of encoded data
acquired by encoding the point cloud expressing an ob-
ject having a three-dimensional shape is stored, and, in
a case in which the relationship is static, extract data of
tiles composing the three-dimensional spatial regions
constructing the point cloud on the basis of second infor-
mation about the three-dimensional spatial regions gen-
erated in accordance with the first information; and a de-
coding unit configured to decode the extracted data.
[0014] Aninformation processing method according to
another aspect of the present technology is an informa-
tion processing method including: referring to first infor-
mation about a change in a relationship of a point cloud
for three-dimensional spatial regions that are independ-
ently decodable, which is stored in a file in which a bit
stream of encoded data acquired by encoding the point
cloud expressing an object having a three-dimensional
shape is stored, and, in a case in which the relationship
is static, extracting data of tiles composing the three-di-
mensional spatial regions constructing the point cloud on
the basis of second information about the three-dimen-
sional spatial regions generated in accordance with the
first information; and decoding the extracted data.
[0015] In the information processing device and the
method according to one aspect of the present technol-
ogy, first information about a change in a relationship of
a point cloud expressing an object having a three-dimen-
sional shape for three-dimensional spatial regions that
are independently decodable is generated, second infor-
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mation about the three-dimensional spatial regions in ac-
cordance with the first information is generated, and a
file storing a bit stream of encoded data acquired by en-
coding the point cloud, the first information, and the sec-
ond information is generated.

[0016] In the information processing device and the
method according to another aspect of the present tech-
nology, first information about a change in a relationship
of a point cloud for three-dimensional spatial regions that
are independently decodable, which is stored in a file in
which a bit stream of encoded data acquired by encoding
the point cloud expressing an object having a three-di-
mensional shape is stored, is referred to and, in a case
in which the relationship is static, data of tiles composing
the three-dimensional spatial regions constructing the
point cloud on the basis of second information about the
three-dimensional spatial regions generated in accord-
ance with the first information is extracted, and the ex-
tracted data is decoded.

[Brief Description of Drawings]

[0017]

[Fig. 1]

Fig. 1is adiagram illustrating an overview of G-PCC.
[Fig. 2]

Fig. 2 is a diagram illustrating a partial access.
[Fig. 3]

Fig. 3 is a diagram illustrating an example of a struc-
ture of a G-PCC bit stream.

[Fig. 4]

Fig. 4 is adiagramillustrating an example of a syntax
of a tile inventory.

[Fig. 5]

Fig. 5 is a diagram illustrating an example of a struc-
ture of a G-PCC file.

[Fig. 6]

Fig. 6 is a diagram illustrating an example of a track
structure of a G-PCC file.

[Fig. 7]

Fig. 7 is a diagram illustrating an example of a track
structure of a G-PCC file.

[Fig. 8]

Fig. 8 is a diagramillustrating an example of GPCC-
SpatialRegionInfoBox.

[Fig. 9]

Fig. 9 is a diagram illustrating an example of GPC-
CTileSampleEntry.

[Fig. 10]

Fig. 10 is a diagram illustrating an example of a 3D
spatial region.

[Fig. 11]

Fig. 11isadiagramillustrating an example of GPCC-
SpatialRegionInfoBox.

[Fig. 12]

Fig. 12 is a diagram illustrating an example of
3DSpatialRegionStruct.
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[Fig. 13]

Fig. 13 is a diagram illustrating an example of infor-
mation transmission based on a change in a rela-
tionship with a 3D spatial region in a time direction.
[Fig. 14]

Fig. 14 is a diagram illustrating an example of a 3D
bounding space.

[Fig. 15]

Fig. 15 is a diagram illustrating an example of a spa-
tial positional relation of a 3D spatial region.

[Fig. 16]

Fig. 16 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSampleEntry.
[Fig. 17]

Fig. 17 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSample.

[Fig. 18]

Fig. 18 is a diagram illustrating an example of
3DBoundingSpaceStruct.

[Fig. 19]

Fig. 19 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSample.

[Fig. 20]

Fig. 20 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSampleEntry.
[Fig. 21]

Fig. 21 is a diagram illustrating an example of a 3D
spatial region.

[Fig. 22]

Fig. 22 is a diagram illustrating an example of
3DSpatialRegionStruct.

[Fig. 23]

Fig. 23 is a diagram illustrating an example of a 3D
spatial region.

[Fig. 24]

Fig. 24 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSampleEntry.
[Fig. 25]

Fig. 25 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSample.

[Fig. 26]

Fig. 26 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSample.

[Fig. 27]

Fig. 27 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSampleEntry.
[Fig. 28]

Fig. 28 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSample.

[Fig. 29]

Fig. 29 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSample.

[Fig. 30]

Fig. 30 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSample.

[Fig. 31]

Fig. 31 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSample.
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[Fig. 32]

Fig. 32 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSample.

[Fig. 33]

Fig. 33 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSample.

[Fig. 34]

Fig. 34 is a diagram illustrating an example of
DynamicGPCC3DSpatialRegionSampleEntry.

[Fig. 35]

Fig. 35 is a diagram illustrating an example of ele-
ments of a GPCCSpatialRegions descriptor.

[Fig. 36]

Fig. 36 is a diagram illustrating an example of a con-
figuration of a Matroska media container.

[Fig. 37]

Fig. 37 is a block diagram illustrating a main config-
uration example of a file generating device.

[Fig. 38]

Fig. 38 is a flowchart illustrating an example of a flow
of a file generating process.

[Fig. 39]

Fig. 39 is a block diagram showing a main configu-
ration example of a decoding device.

[Fig. 40]

Fig. 40 is a block diagram illustrating a main config-
uration example of a reproduction processing unit.
[Fig. 41]

Fig. 41 is a flowchart illustrating an example of a flow
of a reproduction process.

[Fig. 42]

Fig. 42 is a block diagram showing a main configu-
ration example of a computer.

[Description of Embodiments]

[0018] Hereinafter, forms for carrying out the present
disclosure (hereinafter referred to as embodiments) will
be described. The descriptions will be given in the fol-
lowing order.

1. Dynamic 3D spatial region

2. Information transmission based on change of re-
lationship with 3D spatial region in time direction

3. Information transmission using MPD

4. Information transmission using Matroska media
container

5. First embodiment (file generating device)

6. Second embodiment (reproduction device)

7. Supplement

<1. Dynamic 3D spatial region>

<1-1. Documents that support technical content and
technical terms>

[0019] The scope disclosed in the present technology
is not limited to the content described in embodiments
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and also includes the content described in NPL below
and the like that were known at the time of filing and the
content of other literature referred to in NPL below.

[NPL 1]

(aforementioned)

[NPL 2]

(aforementioned)

[NPL 3]

(aforementioned)

[NPL 4]
https://www.matroska.org/index.html

[0020] In other words, the content in the NPL, content
of other literature referred to in the above NPL, and the
like are also grounds for determining support require-
ments.

<1-2. Point cloud>

[0021] Inthe related art, 3D data such as a point cloud
representing a three-dimensional structure by point po-
sition information, attribute information, or the like is
present.

[0022] Forexample, in the case of a pointcloud, a ster-
eoscopic structure (an object having a three-dimensional
shape) is expressed as a set of multiple points. The point
cloud is composed of position information (also referred
to as a geometry) and attribute information (also referred
to as attributes) of each point. The attributes can include
arbitrary information. For example, color information, re-
flectance information, normal line information, and the
like of each point may be included in the attributes. In
this manner, according to the point cloud, a data structure
is relatively simple, and it is possible to express an arbi-
trary stereoscopic structure with sufficient accuracy by
using a sufficiently large number of points.

<1-3. Overview of G-PCC>

[0023] In NPL 1, an encoding technology called Ge-
ometry-based Point Cloud Compression (G-PCC) that
encodes this point cloud by dividing it into a geometry
and an attribute is disclosed. The G-PCC is under stand-
ardization in MPEG-I Part 9 (ISO/IEC 23090-9).

[0024] Forexample, octree encodingis applied tocom-
pression of a geometry. The octree encoding is an en-
coding system that performs encoding by converting a
data structure of a geometry into an octree as illustrated
on a right side in Fig. 1.

[0025] In this case, the geometry is expressed using a
voxel that is a three-dimensional region having a rectan-
gular parallelepiped shape (including a cubic shape) of
a hierarchical structure as illustrated on a left side in Fig.
1. In other words, it is expressed whether a point is
present for each voxel. A voxel in which a point is present
is divided, and presence/absence of a point in a small
region after the division (a voxel of a low ranking) is ex-
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pressed. For a voxel in which a point is present, such
division is recursively repeated up to a lowest layer,
whereby a hierarchical structure of voxels is formed.
[0026] The octree expresses such a voxel expression
(presence/absence of a point for each voxel) as an octree
as illustrated on the right side in Fig. 1. Each node of an
octree corresponds to each voxel of a voxel expression.
For example, a node corresponding to a voxel in which
apointis presentis expressed as a value "1", and a node
corresponding to a voxel in which no point is present is
expressed as a value "0". In a node (a node of the value
"1") corresponding to a voxel in which a point is present,
a child node (a one-ranking lower node) is formed.
[0027] A bit stream of encoded data generated by en-
coding a geometry as described above will be also re-
ferred to as a geometry bit stream.

[0028] A technique such as Predicting Weight Lifting,
Region Adaptive Hierarchical Transform (RAHT), Fix
Weight Lifting, or the like is applied to compression of an
attribute. A bit stream of encoded data generated by en-
coding an attribute is also referred to as an attribute bit
stream. In addition, a bit stream acquired by combining
a geometry bit stream and an attribute bit stream as one
will be also referred to as a G-PCC bit stream.

<1-4. Tile>

[0029] The G-PCC bitstream canhave a partial access
structure in which bit streams of some points are decoded
independently from the others and reproduced. As data
units that are independently decodable and reproduced
(that can be independently accessed) in a point cloud of
this partial access structure, there are a tile and a slice.
[0030] As illustrated in A of Fig. 2, a bounding box 21
is set such that an object 20 having a three-dimensional
shape is included therein. A tile 22 is a region having a
rectangular parallelepiped shape (including a cubic
shape) inside the bounding box 21. As illustrated in B of
Fig. 2, aslice 24 is a set of points inside the tile 23. Points
may overlap between slices (in other words, one point
may belong to a plurality of slices). A tile is composed of
a single slice or a plurality of slices (1 tile = Y slice(s)).
[0031] A point cloud of a certain time will be referred
to as a point cloud frame. This frame is in a data unit
corresponding to a frame in a two-dimensional moving
image. A point cloud frame is composed of a single tile
or a plurality of tiles (1 point cloud frame = X tile(s)).

<1-5. G-PCC bit stream of partial access structure>

[0032] In NPL 1, an example of a main structure (also
referred to as a partial access structure) of a G-PCC bit
stream acquired by encoding a point cloud to which such
a partial access can be made is illustrated. The structure
example is illustrated in Fig. 3. In other words, a G-PCC
bit stream illustrated in Fig. 3 has a partial access struc-
ture, and a part thereof can be extracted and decoded
independently from the other part.
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[0033] In Fig. 3, each quadrangle includes one Type-
length-value encapsulation structure
(tlv_encapsulation()). As illustrated in Fig. 3, a G-PCC
bit stream includes an SPS (Sequence Parameter Set)),
a GPS (Geometry Parameter Set), an APS(s) (Attribute
Parameter Set), a tile inventory, a geometry data unit,
and an attribute data unit.

[0034] The sequence parameter setis a parameter set
having parameters relating to the whole sequence. The
geometry parameter set is a parameter set having pa-
rameters relating to a geometry. The attribute parameter
set is a parameter set having parameters relating to at-
tributes. A plurality of geometry parameter sets and a
plurality of attribute parameter sets may be provided. The
geometry parameter set and the attribute parameter set
may have differences in units of slices (may be set in
units of slices).

[0035] The tile inventory manages information relating
to tiles. Fig. 4 illustrates an example of a syntax of the
tile inventory. As illustrated in Fig. 4, for each tile, tile
identification information (tile_id) used for identifying a
tile, information about a position and a size of the tile
(tile_bounding_box_offset_xyz,
tile_bounding_box_size_xyz), and the like are stored in
the tile inventory. The tile inventory is changeable in units
of frames (can be set in units of frames).

[0036] The data unitis adataunitthat can be extracted
independently from the others. The geometry data unit
is a data unit of a geometry. The attribute data unitis a
data unit of an attribute. The attribute data unit is gener-
ated for each property included in the attribute.

[0037] A slice is composed of one geometry data unit
and none or one or more of attribute data units. The slice
is composed of a single data unit or a plurality of consec-
utive data units in a G-PCC bit stream. In each data unit,
slice identification information (slice id) representing a
slice to which the data unit belongs is stored. In other
words, in data units belonging to the same slice, the same
slice identification information is stored. In this way, by
using the slice identification information, a geometry data
unitand an attribute data unit belonging to the same slice
are associated with each other.

[0038] The tile is composed of a single slice or a plu-
rality of consecutive slices in a G-PCC bit stream. Asso-
ciation between a slice and a tile is performed using
slice_tag stored in the geometry data unit. The slice_tag
is identification information representing a tile to which
the slice belongs.

[0039] In the tile inventory, pieces of information such
as a position, a size, and the like of a tile corresponding
to each piece of tile identification information on a three-
dimensional space are associated with each other. In
otherwords, in a case in which a desired point on a three-
dimensional space is desired to be reproduced, on the
basis of this tile identification information (also the slice
identification information), a necessary data unit can be
specified and extracted. Accordingly, apartialaccess can
be realized, and unnecessary information does not need
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to be decoded, and therefore, an increase of the load of
a reproduction process can be inhibited.

<1-6. ISOBMFF>

[0040] In NPL 2, an ISOBMFF (International Organi-
zation for Standardization Base Media File Format) that
is a specification of a file container of an international
standard technology of moving image compression of
MPEG-4 (Moving Picture Experts Group-4) is disclosed.

<1-7. Storage of G-PCC bit stream in ISOBMFF>

[0041] In NPL 3, for the purpose of efficiency of a re-
production process and network distribution from a local
storage of a bit stream encoded in this G-PCC, a method
for storing a G-PCC bit stream in the ISOBMFF is dis-
closed. This method is under standardization of MPEG-
I Part 18 (ISO/IEC 23090-18).

[0042] Fig. 5 is a diagram illustrating an example of a
file structure of the case. A G-PCC bit stream stored in
the ISOBMFF will be referred to as a G-PCC file.
[0043] A sequence parameter set is stored in GPC-
CDecoderConfigurationRecord of the G-PCC file. GPC-
CDecoderConfigurationRecord can further store a ge-
ometry parameter set, an attribute parameter set, and a
tile inventory in accordance with a sample entry type.
[0044] A sample of a media data box (Media) can store
geometries and attributes corresponding one point cloud
frame. In addition, this sample can store a geometry pa-
rameter set, an attribute parameter set, and a tile inven-
tory in accordance with a sample entry type.

<1-8. Partial access structure of G-PCC file>

[0045] This G-PCC file has a structure for decoding by
performing a partial access on the basis of three-dimen-
sional space information. A partial access is an access
(extraction of data from a file) to a partial point cloud that
is a part of an object expressed by a point cloud (in other
words, a part of point cloud data). Particularly, in the case
of a distribution use, by using such a partial access, data
can be transmitted for each track storing a partial point
cloud (in other words, adaptive distribution can be real-
ized), and it is useful for inhibiting an increase of a
processing load and a band load.

[0046] For example, the G-PCC file, as illustrated in
Fig. 6, can have a plurality of tracks that are independ-
ently accessible. The G-PCC tile track illustrated in Fig.
6 is a track storing a partial point cloud and stores data
of a single tile or a plurality of tiles. The G-PCC tile base
track stores information such as a parameter set, a tile
inventory, and the like that are common to a G-PCC tile
track associated with the track. The G-PCC tile base track
and the G-PCC tile track are associated with each other
using a track reference (tref).

[0047] Fig. 6 illustrates a configuration example of a
case in which a geometry and an attribute are stored in
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one G-PCC tile track. As illustrated in Fig. 7, a geometry
and an attribute may be stored in mutually-different G-
PCC tile tracks. In such a case, a G-PCC geometry tile
track storing a geometry and a G-PCC attribute tile track
storing an attribute are associated with each other using
a track reference (tref).

[0048] In this G-PCC file, a three-dimensional spatial
region (3D spatial region) can be defined as a partial
point cloud. The 3D spatial region, as illustrated in Fig.
8, is defined by a position (three-dimensional coordinates
(anchor_x, anchor_y, anchor_z) of the reference point)
and a size (region_dx, region_dy, region_dz) of a refer-
ence point (anchor). Information (three-dimensional
space information) relating to such a 3D spatial region is
managed in a GPCC spatial region info box (GPCCSpa-
tialRegionInfoBox) stored in a sample entry of the G-PCC
tile base track.

[0049] Anexampleofasyntaxof GPCCSpatialRegion-
InfoBox is illustrated in Fig. 9. As illustrated in a 4th row
to an 11th row from top of Fig. 9, for each 3D spatial
region, information about the region is set in GPCCSpa-
tialRegionInfoBox. For example, as illustrated in a 5th
row from the top of Fig. 9, in GPCCSpatialRegionInfoBox,
a 3DSpatialRegionStruct defining each 3D spatial region
is designated. An example of a syntax of this
3DSpatialRegionStruct is illustrated in Fig. 10. As illus-
trated in Fig. 10, in this 3DSpatialRegionStruct, a position
(anchor_x, anchor_y, anchor_z) and a size (region_dx,
region_dy, region_dz) of the reference point of the 3D
spatial region are set.

[0050] This 3D spatial region is composed of a single
tile or a plurality of tiles. As illustrated in a 6th row to a
10th row in Fig. 9, in GPCCSpatialRegionInfoBox, a tile
composing each 3D spatial region is designated using
tile identification information (tile_id).

[0051] In other words, in the G-PCC file, a 3D spatial
region and tiles composing the 3D spatial region are man-
aged.

[0052] In addition, for the G-PCC tile track, tiles stored

therein are managed in a GPCC tile sample entry (GPC-
CTileSampleEntry). An example of a syntax of GPC-
CTileSampleEntry is illustrated in Fig. 11. As illustrated
in a 7th row to a 9th row from the top of Fig. 11, in GPC-
CTileSampleEntry, a tile stored in the G-PCC tile track
is designated using tile identification information (tile_id).
[0053] In other words, a 3D spatial region and a track
storing data thereof are associated with each other
through a tile. Thus, the flow of a partial access, for ex-
ample, is performed as below.

1. A decoder identifies a G-PCC tile base track and
a G-PCC tile track in a G-PCC file.

2. The decoder parses a sample entry of the G-PCC
tile base track and acquires tile_id of a tile composing
a desired 3D spatial region from GPCCSpatialRe-
gioninfoBox.

3. The decoder parses sample entries of all the G-
PCC tile tracks and identifies a G-PCC tile track in
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which a tile of a desired tile_id is stored.
4. Dataofadesiredtile is extracted from the identified
G-PCC tile track and is decoded.

[0054] A position, a size, a shape, a direction, a
number, and the like of an object expressed by a point
cloud can be changed in a time direction (can be formed
as being dynamically). For this reason, a 3D spatial re-
gion and tiles composing the 3D spatial region also can
be changed in the time direction (can be formed as being
dynamically). In addition, tiles stored in tracks can be
also changed in the time direction (can be formed as
being dynamically). In addition, in this specification, for
example, a certain target such as information, a state, a
relationship, or the like changing in a time direction will
be referred to as being dynamic, and a certain target, for
example, such as information, a state, a relationship, or
the like not changing in a time direction will be referred
to as being static.

[0055] Static three-dimensional space information of a
partial point cloud is stored in GPCCSpatialRegionIn-
foBox described above. Dynamic three-dimensional
space information is stored in a dynamic spatial region
timed metadata track associated with a G-PCC tile base
track using a track reference (tref) as illustrated in Fig.
12. In addition, in a case in which a tile stored in the G-
PCC tile track changes in the time direction, tile identifi-
cation information (tile id) changing in the time direction
is stored in a sub sample information box.

<2. Information transmission based on change in rela-
tionship with 3D spatial region in time direction>

<2-1. Construction of point cloud>

[0056] However,ina case in which a 3D spatial region,
tiles composing the 3D spatial region, atile stored in each
G-PCC tile track, and the like are managed as dynamic
information in this way, these can be changed for each
frame.

[0057] Forexample, a contentin which an appearance
of a three-dimensional spatial region, which is seen from
a visual point, including an object expressed by a point
cloud is provided for a user as a two-dimensional image
will be considered. In this specification, arange of athree-
dimensional spatial region seen from a certain visual
point (seen in a case in which a certain direction is seen
from a certain position) will be referred to as a visual field
(or a visual field region).

[0058] For example, like so-called a 6DoF content, in
a case in which a position or a direction of a visual point
can be changed or a case in which a point cloud is con-
figured as dynamic data (in other words, there is a pos-
sibility of an object changing in a time direction), there is
a possibility of an object within a visual field region being
transformed, being enlarged, being reduced, being
moved, appearing, or disappearing. In other words, in-
formation of a 3D spatial region to be reproduced, tiles
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composing the 3D spatial region, tiles stored in a G-PCC
tile track, and the like can be changed in the time direc-
tion. For this reason, in such a case, in a method de-
scribed in NPL 3, in a G-PCC file, such information is
managed as dynamic information.

[0059] In the case of the method described in NPL 3,
when such information is managed as dynamic informa-
tion, the information may be arbitrary changed for each
frame. For this reason, such information needs to be
checked for each frame. In other words, all the tracks
need to be parsed for each frame.

[0060] However, also in the case of the 6Dof content
or in a case in which the point cloud is dynamic, there
are cases in which such a degree of freedom is unnec-
essary. For example, in a case in which a position and a
direction of a visual point do not change, and a position
of an object does not greatly change, there may be a
case in which the object positioned within a visual field
does not increase, decrease, or change for each frame,
and a 3D spatial region to be reproduced becomes static.
In addition, there may be a case in which tiles composing
a 3D spatial region to be reproduced for each frame and
tiles stored in a G-PCC tile track do not change.

[0061] Insuch a case, in the method described in NPL
3, there is concern that a load of a reproduction process
may unnecessarily increase.

<2-2. Transmission of first information and second infor-
mation>

[0062] Thus, as illustrated in an uppermost part of a
tableillustratedin Fig. 13, firstinformation about a change
of a relationship with the 3D spatial region in a time di-
rection and second information about a 3D spatial region
generated in accordance with the first information are
transmitted (Method 1).

[0063] Forexample, aninformation processing device
includes a firstinformation generating unit that generates
first information about a change of a relationship of a
point cloud expressing an object having a three-dimen-
sional shape for a three-dimensional spatial region that
is independently decodable, a second information gen-
erating unit that generates second information about the
three-dimensional spatial region in accordance with the
firstinformation, and a file generating unit that generates
a file storing a bit stream of encoded data acquired by
encoding the point cloud, the first information, and the
second information.

[0064] For example, an information processing meth-
od includes: generating first information about a change
of a relationship of a point cloud expressing an object
having a three-dimensional shape with a three-dimen-
sional spatial region that is independently decodable;
generating second information about the three-dimen-
sional spatial region in accordance with the first informa-
tion; and generating a file storing a bit stream of encoded
data acquired by encoding the point cloud, the first infor-
mation, and the second information.
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[0065] In this way, a reproduction device can extract
data of tiles composing a three-dimensional spatial re-
gion constructing a point cloud from a bit stream on the
basis of the first information and the second information.
In this way, reproduction can be performed without
checking information of a 3D spatial region to be repro-
duced, tiles composing the 3D spatial region, tiles stored
in a G-PCC tile track, and the like for each frame. There-
fore, an increase in the load of the reproduction process
can be inhibited.

[0066] Forexample, the information processing device
further includes: an extraction unit that refers to first in-
formation about a change of arelationship of a point cloud
expressing an object having a three-dimensional shape
with a three-dimensional spatial region that is independ-
ently decodable, which is stored in a file in which a bit
stream of encoded data acquired by encoding the point
cloud and, in a case in which the relationship is static,
extracts data of tiles composing a three-dimensional spa-
tial region constructing a point cloud on the basis of the
second information about the three-dimensional spatial
region generated in accordance with the first information;
and a decoding unit that decodes the extracted data.
[0067] For example, the information processing meth-
od further includes: referring to first information about a
change of a relationship of a point cloud expressing an
object having a three-dimensional shape with a three-
dimensional spatial region that is independently decoda-
ble, which is stored in a file in which a bit stream of en-
coded data acquired by encoding the point cloud and, in
a case in which the relationship is static, extracting data
of tiles composing a three-dimensional spatial region
constructing a point cloud on the basis of the second
information about the three-dimensional spatial region
generated in accordance with the first information; and
decoding the extracted data.

[0068] Inthisway, reproduction canbe performed with-
out checking information of a 3D spatial region to be re-
produced, tiles composing the 3D spatial region, tiles
stored in a G-PCC tile track, and the like for each frame.
Therefore, an increase in the load of the reproduction
process can be inhibited.

<2-3.Relationship including spatial positional relation be-
tween 3D spatial regions>

[0069] In acasein which Method 1 is applied, as illus-
trated in a second section of the table illustrated in Fig.
13 from the top, the first information may be information
indicating whether a relationship including a spatial po-
sitional relation between 3D spatial regions is static. In
addition, the second information may be information
(3DBoundingSpaceStruct) representing a presence pos-
sible range of a 3D spatial region that is generated in a
case in which the first information is true (Method 1-1).

[0070] For example, a first information generating unit
of the information processing device may generate infor-
mation indicating whether a relationship including a po-
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sitional relation in a three-dimensional space between
three-dimensional spatial regions (3D spatial regions) is
static as first information, and, in a case in which the first
information is true, a second information generating unit
of the information processing device may generate infor-
mation representing a range in which the three-dimen-
sional spatial region (3D spatial region) can be present
as the second information.

[0071] In addition, the first information stored in a G-
PCC file may be information indicating whether a rela-
tionship including a positional relation in a three-dimen-
sional space (also referred to as a spatial positional re-
lation) between three-dimensional spatial regions (3D
spatial regions) is static. Furthermore, the second infor-
mation stored in a G-PCC file may be static information
representing a range in which the three-dimensional spa-
tial region can be present. Then, the extraction unit of
the information processing device may specify a three-
dimensional spatial region (3D spatial region) construct-
ing a point cloud on the basis of static information repre-
senting a range in which the three-dimensional spatial
region (3D spatial region) can be present.

[0072] In other words, in the case of Method 1-1, a
relationship with a 3D spatial region includes a spatial
positional relation between 3D spatial regions. Flag in-
formation indicating whether or not the relationship is
static is generated as first information and is stored in a
G-PCC file. In accordance with this, it can be easily per-
ceived whether or not a spatial positional relation be-
tween 3D spatial regions is static on the basis of the first
information.

[0073] In addition, in a case in which the first informa-
tion (flag information) is true, in other words, in a case in
which a relationship including a positional relation in a
three-dimensional space between 3D spatial regions is
static, a 3D bounding space that is a range in which each
3D spatial region can be present is set. For example, as
illustrated in Fig. 14, inside a three-dimensional space,
3D bounding spaces (a 3D bounding space 51 to a 3D
bounding space 54) are set to each 3D spatial region.
[0074] This 3D bounding space is a static range, and
a position and a size thereof do not change in a time
direction. In addition, the 3D bounding spaces are set
not to overlap each other. A dynamic 3D spatial region
is necessarily completely included in a 3D bounding
space corresponding to the 3D spatial region regardless
of the time.

[0075] For example, as illustrated in Fig. 15, not only
time t = t1 but also time t = t2, a 3D spatial region 61 is
present (completely included) inside a 3D bounding
space 51 set for the 3D spatial region 61. Similarly, a 3D
spatial region 62, a 3D spatial region 63, and a 3D spatial
region 64 are respectively present (completely included)
inside a 3D bounding space 52, a 3D bounding space
53, and a 3D bounding space 54. In other words, a spatial
positional relation between 3D spatial regions is assured
by this 3D bounding space (becomes a static relation).
[0076] Then, a 3D bounding space struct
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(3DBoundingSpaceStruct) defining such a 3D bounding
space is generated as second information and is stored
in a G-PCC file. In accordance with this, a static spatial
positional relation between 3D spatial regions can be
easily perceived on the basis of the second information.
[0077] Inotherwords, the reproduction device can eas-
ily perceive whether or not a relationship with 3D spatial
regions including a spatial positional relation between 3D
spatial regions is static and a spatial positional relation
between the 3D spatial regions on the basis of the first
information and the second information. Thus, the repro-
duction device can perform reproduction without check-
ing information such as a 3D spatial region to be repro-
duced, tiles composing the 3D spatial region, tiles stored
in a G-PCC tile track, and the like for each frame. There-
fore, an increase in the load of the reproduction process
can be inhibited.

<2-4. static_region_relation>

[0078] In a case in which Method 1-1 is applied, as
illustrated in a third section from the top of the table illus-
trated in Fig. 13, the first information may be information
(a static_region_relation_flag) indicating whether a spa-
tial positional relation between 3D spatial regions is static
(Method 1-1-1). The static_region_relation flag is infor-
mation indicating whether a spatial positional relation be-
tween 3D spatial regions is static, for example, indicates
that the spatial positional relation between 3D spatial re-
gions is dynamic in a case in which the value is "0", and
indicates that the spatial positional relation between 3D
spatial regions is static in a case in which the value is
"1". In this «case, the second information
(3DBoundingSpaceStruct) is generated in a case in
which the value of the static_region_relation flag is "1".
[0079] In other words, by extending SampleEntry of a
dynamic spatial region timed metadata track, the
static_region_relation flag indicating that a spatial posi-
tional relation between 3D spatial regions is static may
be stored as the first information, and
3DBoundingSpaceStruct may be stored as the second
information.

[0080] For example, the first information generating
unit of the information processing device may generate
information (the static_region_relation flag) indicating
whether a positional relation in a three-dimensional
space between three-dimensional spatial regions (3D
spatial regions) is static as the first information.

[0081] In addition, the first information stored in the G-
PCC file may be information (the
static_region_relation_flag) indicating whether a posi-
tional relation in a three-dimensional space between
three-dimensional spatial regions (3D spatial regions) is
static.

<2-4-1. Syntax example 1>

[0082] In this case, for example, the first information
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and the second information may be stored in a dynamic
spatial region timed metadata track of the G-PCC file. An
example of the syntax of the dynamic spatial region timed
metadata track will be described below. Similar to the
example described with reference to Figs. 9 and 11, a
3D spatial region and a track storing data thereof are
assumed to be associated with each other through a tile
(through tile_id).

[0083] Fig. 16 is a diagram illustrating an example of
the syntax of a dynamic GPCC3D spatial region sample
entry (DynamicGPCC3DSpatialRegionSampleEntry)
stored in a sample entry of a dynamic spatial region timed
metadata track.

[0084] As illustrated in a 5th row from the top of the
syntax illustrated in Fig. 16, a static_region_relation flag
(first information) is stored in
DynamicGPCC3DSpatialRegionSampleEntry. In addi-
tion, as illustrated in a 7th row and an 8th row from the
top of the syntax illustrated in Fig. 16, in a case in which
a value of the static_region_relation flag is "1",
3DBoundingSpaceStruct (second information) is stored
in DynamicGPCC3DSpatialRegionSampleEntry.
[0085] Fig. 17 is a diagram illustrating an example of
the syntax of a dynamic GPCC3D spatial region sample
(DynamicGPCC3DSpatialRegionSample) stored in a dy-
namic spatial region timed metadata track.

[0086] As illustrated in the 3rd row to the 8th row from
the top from the syntax illustrated in Fig. 17, in this
DynamicGPCC3DSpatialRegionSample, in each 3D
spatial region of the sample, 3DSpatialRegionStruct de-
fining a position (anchor_x, anchor_y, anchor_z) and a
size (region_dx, region_dy, region_dz) of a reference
point of the 3D spatial region and a tile (tile identification
information (tile_id)) composing the 3D spatial region are
designated.

[0087] Fig. 18 is a diagram illustrating an example of
the syntax of a 3D bounding space struct
(3DBoundingSpaceStruct) stored in a dynamic spatial re-
gion timed metadata track.

[0088] As illustrated in a 4th row and a 5th row from
the top of the syntax illustrated in Fig. 18, in this
3DBoundingSpaceStruct, 3DSpatialRegionStruct defin-
ing each 3D bounding space is designated. In other
words, each entry of this NumRegions loop designates
3DSpatialRegionStruct of a 3D bounding space corre-
sponding to 3DSpatialRegionStrcut of an entry of the
same index of a num_regions loop of GPCCSpatialRe-
gioninfoBox of the same sample entry (SampleEntry) .
[0089] Similar to the case of the 3D spatial region, this
3DSpatialRegionStruct defines a position and a size of
a reference point of the 3D bounding space. In addition,
as described above, the 3D bounding space is a static
region, and a position and a size thereof do not change
in the time direction. Thus, 3DSpatialRegionStruct defin-
ing each 3D bounding space is static information.
[0090] In addition, 3DSpatialRegionStruct
3DSpatialRegionStruct may be associated
3d_region_id stored in 3DSpatialRegionStruct.

and
using
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[0091] In other words, in this case, as described with
reference to Fig. 16, a static_region_relation flag (first
information) is stored in
DynamicGPCC3DSpatialRegionSampleEntry. In addi-
tion, in a case in which the value of the
static_region_relation flag is "1,
3DBoundingSpaceStruct (second information) as de-
scribed with reference to Fig. 18 is stored in
DynamicGPCC3DSpatialRegionSampleEntry.

[0092] Thus,areproductiondevice can easily perceive
whether or not a spatial positional relation between 3D
spatial regions is static on the basis of such information
and a spatial positional relation between the 3D spatial
regions. Thus, a reproduction device can perform repro-
duction without checking information of a 3D spatial re-
gion to be reproduced, tiles composing the 3D spatial
region, tiles stored in a G-PCC tile track, and the like for
each frame. Therefore, an increase in the load of the
reproduction process can be inhibited.

[0093] Forexample,ina case in which the value of the
static_region_relation flag is "1", a reproduction device
can identify that a spatial positional relation between 3D
spatial regions is static on the basis of the value of the
flag. In addition, the reproduction device can identify the
spatial  positional relation on the basis of
3DBoundingSpaceStrcut. Thus, for example, after a G-
PCC tile track corresponding to a desired 3D spatial re-
gion is acquired in accordance with a visual field once,
the reproduction device does not need to perform iden-
tification of a G-PCC tile track included in the visual field
and conversion into the G-PCC tile track while the visual
field is not changed.

<2-4-2. Syntax example 2>

[0094] In <2-4-1. Syntax example 1>, although a 3D
spatial region and a track storing data thereof have been
described to be associated with each other through a tile
(through tile_id), they may be associated with each other
using tile track identification information (tile_track_id)for
identifying a G-PCC tile track in place of this tile_id. An
example of the syntax of a dynamic spatial region timed
metadata track of this case will be described below.
[0095] In such a case, the syntax of
DynamicGPCC3DSpatialRegionSampleEntry is the
same as the example described with reference to Fig.
16. In addition, the syntax of 3DBoundingSpaceStruct is
the same as the example described with reference to Fig.
18.

[0096] Fig. 19 is a diagram illustrating an example of
the syntax of DynamicGPCC3DSpatialRegionSample of
this case.

[0097] As illustrated in a 5th row and a 6th row from
the top of the syntax illustrated in Fig. 19, in this case,
as illustrated in a 7th row, tile track identification informa-
tion (tile_rack_id) is designated by performing a looping
process using the number of G-PCC tile tracks
(num_tile_tracks) corresponding to each 3D spatial re-
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gion of the sample. In other words, tile track identification
information (tile_track_id) of a G-PCC tile track corre-
sponding to each 3D spatial region of the sample is des-
ignated.

[0098] By configuring as such, a reproduction device
does not need to parse GPCC tile sample entries (GPC-
CTileSampleEntry) of all the G-PCC tile track and can
identify a G-PCC tile track storing data of a tile composing
a desired 3D spatial region.

<2-5. static_mapping>

[0099] In <2-4. static_region_relation>, although a
case inwhich information (the static_region_relation flag)
indicating whether a spatial positional relation between
3D spatial regions is static is applied as first information
has been described, the first information is not limited to
this example.

[0100] For example, in a case in which Method 1-1 is
applied, as illustrated in a 4th section from the top of the
table illustrated in Fig. 13, the first information may be
information (the static_mapping flag) indicating whether
a spatial positional relation between 3D spatial regions
and a correspondence relation between a 3D spatial re-
gion and information used for acquiring a tile are static
(Method 1-1-2). The static_mapping flag is information
indicating whether or not a spatial positional relation be-
tween 3D spatial regions and a correspondence relation
between a 3D spatial region and information used for
acquiring a tile are static, and, for example, indicates that
the spatial positional relation between 3D spatial regions
and the correspondence relation between a 3D spatial
region and the information used for acquiring a tile are
dynamic in a case in which the value is "0", and indicates
that the spatial positional relation between 3D spatial re-
gions and the correspondence relation between a 3D
spatial region and the information used for acquiring a
tile are static in a case in which the value is "1". In this
case, the second information (3DBoundingSpaceStruct)
is generated in a case in which the value of the
static_mapping flag is "1".

[0101] In other words, by extending SampleEntry of
the dynamic spatial region timed metadata track, the
static_mapping flag indicating that the spatial positional
relation between 3D spatial regions and the correspond-
ence relation between a 3D spatial region and informa-
tion used for acquiring a tile are static may be stored as
the first information, and 3DBoundingSpaceStruct may
be stored as the second information.

[0102] For example, the first information generating
unit of the information processing device may generate
information (the static_mapping flag) indicating whether
a positional relation in a three-dimensional space be-
tween three-dimensional spatial regions (3D spatial re-
gions) and a correspondence relation between a three-
dimensional spatial region (3D spatial region) and infor-
mation used for acquiring a tile of the point cloud are
static as the first information.
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[0103] In addition, the first information stored in the G-
PCC file may be information (the static mapping flag)
indicating whether a positional relation in a three-dimen-
sional space between three-dimensional spatial regions
(3D spatial regions) and a correspondence relation be-
tween a three-dimensional spatial region and the infor-
mation used for acquiring a tile described above are stat-
ic.

<2-5-1. Syntax example 1>

[0104] Anexample of the syntax of the dynamic spatial
region timed metadata track of this case will be described
below. Here, similar to the example of <2-4-1. Syntax
example 1>, a 3D spatial region and a track storing data
thereof are assumed to be associated with each other
through a tile (through tile_id) .

[0105] Fig. 20 is a diagram illustrating an example of
the syntax of
DynamicGPCC3DSpatialRegionSampleEntry stored in
a sample entry of a dynamic spatial region timed meta-
data track.

[0106] As illustrated in a 5th row from the top of the
syntax illustrated in Fig. 20, a static_mapping flag (first
information) is stored in this
DynamicGPCC3DSpatialRegionSampleEntry. In addi-
tion, as illustrated in a 7th row and an 8th row from the
top of the syntax illustrated in Fig. 20, in a case in which
the value of the static mapping flag is "1",
3DBoundingSpaceStruct (second information) is stored
in DynamicGPCC3DSpatialRegionSampleEntry.

[0107] In this case, the syntax of
DynamicGPCC3DSpatialRegionSample is the same as
the example illustrated with reference to Fig. 17. In ad-
dition, the syntax of 3DBoundingSpaceStruct is the same
as the example described with reference to Fig. 18.
[0108] In other words, in this case, as described with
reference to Fig. 20, the static_mapping flag (first infor-
mation) is stored in
DynamicGPCC3DSpatialRegionSampleEntry. In addi-
tion, in a case in which the value of the static_mapping
flagis "1", 3DBoundingSpaceStruct (second information)
as described with reference to Fig. 18 is stored in
DynamicGPCC3DSpatialRegionSampleEntry.

[0109] Thus, on the basis of such information, a repro-
duction device can easily perceive whether or not a spa-
tial positional relation between 3D spatial regions and a
correspondence relation between a 3D spatial region and
information used for acquiring a tile are static and a spa-
tial positional relation between the 3D spatial regions.
Thus, a reproduction device can perform reproduction
without checking information of a 3D spatial region to be
reproduced, tiles composing the 3D spatial region, a tile
stored in a G-PCC tile track, and the like for each frame.
Therefore, an increase in the load of the reproduction
process can be inhibited.

[0110] Forexample, in a case in which the value of the
static_mapping flag is "1", the reproduction device can
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identify that a spatial positional relation between 3D spa-
tial regions and a correspondence relation between 3D
spatial region and information used for acquiring a tile
are static on the basis of the value of the flag. In addition,
the reproduction device can identify the spatial positional
relation on the basis of 3DBoundingSpaceStrcut. Thus,
for example, after a G-PCC tile track corresponding to a
desired 3D spatial region is acquired in accordance with
avisualfield once, the reproduction device does not need
to perform identification of a G-PCC tile track included in
the visual field and conversion into the G-PCC tile track
while the visual field is not changed.

<2-5-2. Syntax example 2>

[0111] In <2-5-1. Syntax example 1>, although a 3D
spatial region and a track storing data thereof have been
described to be associated with each other through a tile
(through tile_id), they may be associated with each other
using tile track identification information (tile_track_id) in
place of this tile_id.

[0112] An example of the syntax of a dynamic spatial
region timed metadata track of this case will be described
below.

[0113] In such a ~case, the syntax of
DynamicGPCC3DSpatialRegionSampleEntry is the
same as the example described with reference to Fig.
20. In addition, the syntax of
DynamicGPCC3DSpatialRegionSample is the same as
the example described with reference to Fig. 19. In other
words, tile track identification information (tile_track_id)
of a G-PCC tile track corresponding to each 3D spatial
region of the sample is designated. In addition, the syntax
of 3DBoundingSpaceStruct is the same as the example
described with reference to Fig. 18.

[0114] By configuring as such, the reproduction device
does not need to parse GPCC tile sample entries (GPC-
CTileSampleEntry) of all the G-PCC tile tracks and can
easily identify a G-PCC tile track storing data of tiles com-
posing a desired 3D spatial region.

<2-6. DynamicGPCC3DSpatialRegionSample>

[0115] In addition, as illustrated in a 5th section from
the top of the table illustrated in Fig. 13, the second in-
formation may  further  include information
(DynamicGPCC3DSpatialRegionSample) about a 3D
spatial region including a static correspondence relation
between a 3D spatial region and information used for
acquiring tiles of a point cloud (Method 1-1-3) .

[0116] Inaddition, in a case in which this Method 1-1-3
is applied, the first information may be information (a
static_region_relation flag) indicating whether a spatial
positional relation between 3D spatial regions is static or
may be a spatial positional relation between 3D spatial
regions and information (a static_mapping flag) indicat-
ing whether a correspondence relation between a 3D
spatial region and information used for acquiring tiles is
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static. In addition, the information used for acquiring tiles
may be tile identification information (tile_id) or may be
tile track identification information (tile_track_id).

[0117] For example, the second information generat-
ing unit of the information processing device may gener-
ate information about a three-dimensional spatial region
including a correspondence relation between a three-di-
mensional spatial region (3D spatial region) and informa-
tion used for acquiring tiles of a point cloud, which is
static, as the second information.

[0118] In that case, the information used for acquiring
tiles may be identification information (tile_id) of the tile
or may be identification information (tile_track_id) of a
track (a G-PCC tile track) storing data of the tile in the G-
PCC file.

[0119] Inaddition, the second information stored in the
G-PCC file may further include information about a three-
dimensional spatial region including a correspondence
relation between a three-dimensional spatial region (3D
spatial region) and information used for acquiring a tile,
which is static. Then, the extraction unit of the information
processing device may extract data of a tile composing
a three-dimensional spatial region specified on the basis
of static information representing a range in which the
three-dimensional spatial region can be present on the
basis of the information about the three-dimensional spa-
tial region from a file.

[0120] In that case, the information used for acquiring
a tile may be identification information (tile_id) of the tile
or may be identification information (tile_track_id) of a
track (a G-PCC tile track) storing data of the tile in the G-
PCC file.

[0121] In other words, Method 1-1-3 can be applied to
any one of Syntax example 1 and Syntax example 2 of
Method 1-1-1 and Syntax example 1 and Syntax example
2 of Method 1-1-2.

[0122] For example, in a case in which Method 1-1-3
is applied to Syntax example 1 of Method 1-1-1, in
DynamicGPCC3DSpatialRegionSample of which the
syntax is illustrated in  Fig. 17,  when
static_region_relation = 1, elements other than
3DSpatialRegionStruct have the same values as those
stored in GPCCSpatialRegionInfoBox of the sample en-
try (Sample Entry).

[0123] In addition, in a case in which Method 1-1-3 is
applied to Syntax example 2 of Method 1-1-1, in
DynamicGPCC3DSpatialRegionSample of which the
syntax is illustrated in  Fig. 19, when
static_region_relation = 1, elements other than
3DSpatialRegionStruct have the same values as those
stored in GPCCSpatialRegionInfoBox of the sample en-
try (Sample Entry).

[0124] Furthermore, in a case in which Method 1-1-3
is applied to Syntax example 1 of Method 1-1-2, in
DynamicGPCC3DSpatialRegionSample of which the
syntax is illustrated in Fig. 17, when static_mapping = 1,
elements other than 3DSpatialRegionStruct have the
same values as those stored in GPCCSpatialRegionIn-
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foBox of the sample entry (Sample Entry).

[0125] In addition, in a case in which Method 1-1-3 is
applied to Syntax example 2 of Method 1-1-2, in
DynamicGPCC3DSpatialRegionSample of which the
syntax is illustrated in Fig. 19, when static_mapping = 1,
elements other than 3DSpatialRegionStruct have the
same values as those stored in GPCCSpatialRegionIn-
foBox of the sample entry (Sample Entry).

[0126] By configuring as such, a correspondence re-
lation between a 3D spatial region stored in
DynamicGPCC3DSpatialRegionSample and informa-
tion (tile_id or tile_track_id) used for acquiring a tile is the
same as a static correspondence relation between a 3D
spatial region stored in GPCCSpatialRegioninfoBox and
information (tile_id or tile_track_id) used for acquiring a
tile. Thus, the reproduction device does not need to spec-
ify a G-PCC tile track storing data of a tile composing a
3D spatial region to be reproduced for each frame and
can easily extract data of the tile composing the 3D spatial
region and reproduce the data. Therefore, an increase
in the load of the reproduction process can be inhibited.

<2-7. Fixing of reference point coordinates of
3DSpatialRegionStruct>

[0127] Instead of setting a 3D bounding space as in
Method 1-1 and transmitting 3DBoundingSpaceStruct as
the second information, a position of a reference point
(an anchor point) of the 3D spatial region may be fixed
in the time direction (in other words, formed to be static).
[0128] In other words, in a case in which Method 1 is
applied, as illustrated in a 6th section from the top of the
table illustrated in Fig. 13, the first information may be
information indicating whether a relationship including a
spatial positional relation between 3D spatial regions is
static. In addition, the second information may be infor-
mation (3DSpatialRegionStruct) representing a 3D spa-
tial region in which a reference point position of a 3D
spatial region is fixed in a case in which the first informa-
tion is true (Method 1-2).

[0129] For example, the first information generating
unit of the information processing device may generate
information indicating whether a relationship including a
positional relation in a three-dimensional space between
three-dimensional spatial regions (3D spatial regions) is
static as the first information, and the second information
generating unit of the information processing device may
generate information representing a three-dimensional
spatial region of which a reference point position of the
3-dimensional spatial region is static in a case in which
the first information is true as the second information.
[0130] In addition, the first information stored in a G-
PCC file may be information indicating whether a rela-
tionship including a positional relation (also referred to
as a spatial positional relation) in a three-dimensional
space between three-dimensional spatial regions (3D
spatial regions) is static. In addition, the second informa-
tion stored in the G-PCC file may be information repre-
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senting a three-dimensional spatial region of which a ref-
erence point position of the three-dimensional spatial re-
gion is static. The extraction unit of the information
processing device may specify a three-dimensional spa-
tial region (3D spatial region) constructing a point cloud
on the basis of information representing the three-dimen-
sional spatial region.

[0131] For example, the first information may be a
static_region_relation flag or may be a static_mapping
flag. In 3DSpatialRegionStruct, in a case in which the
first information is true (for example, in the case of
static_region_relation = 1 or static_mapping = 1), as il-
lustrated in Fig. 21, restrictions of a position of a reference
point of a 3D spatial region (coordinates (anchor_x,
anchor_y, anchor_z) of the reference point) being fixed
(static) in the time direction and only the size being able
to change (dynamic) in the time direction may be added.
In the case of the example illustrated in Fig. 21, sizes of
a 3D spatial region 61 to a 3D spatial region 64 are dy-
namic (the sizes are different at a time t = t1 and a time
t = t2), and positions of reference points (a reference
point 71 to a reference point 74) of the 3D spatial region
61 to the 3D spatial region 64 are static (the positions
are the same at the time t =t1 and the time t = t2). Then,
3DSpatialRegionStruct to which such restrictions have
been added may be transmitted as the second informa-
tion.

[0132] Fig. 22 is a diagram illustrating an example of
the syntax of 3DSpatialRegionStruct of this case. As il-
lustrated in Fig. 22, coordinates (anchor_x, anchor_y,
anchor_z) of a reference point are included in an if state-
ment, and in a case in which the first information is true
(for example, static_region_relation = 1 or static mapping
= 1), and a reference point position is static, setting of
the coordinates of the reference point in this sample can
be omitted.

[0133] By configuring the reference point position of
each 3D spatial region to be static, a spatial positional
relation between 3D spatial regions is assured (a static
relation is formed). In other words, a static spatial posi-
tional relation between 3D spatial regions can be easily
perceived on the basis of the second information
(3DSpatialRegionStruct) stored in a G-PCC file. Thus,
similar to the case of Method 1-1, the reproduction device
can perform reproduction without checking information
of a 3D spatial region to be reproduced, tiles composing
the 3D spatial region, a tile stored in a G-PCC tile track,
and the like for each frame. Therefore, an increase in the
load of the reproduction process can be inhibited.

<2.-8. Fixing of center coordinates of
3DSpatialRegionStruct>

[0134] A position ofacenter point of a 3D spatial region
may be fixed (configured to be static) in the time direction
in place of the reference point position of the 3D spatial
region.

[0135] In other words, in a case in which Method 1 is
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applied, as illustrated in a 7th section from the top of the
table illustrated in Fig. 13, the first information may be
information indicating whether a relationship including a
spatial positional relation between 3D spatial regions is
static. In addition, the second information may be infor-
mation (3DSpatialRegionStruct) representing a 3D spa-
tial region of which the center position of the 3D spatial
region is fixed in a case in which the first information is
true (Method 1-3).

[0136] For example, the first information generating
unit of the information processing device may generate
information indicating whether a relationship including a
positional relation in a three-dimensional space between
three-dimensional spatial regions (3D spatial regions) as
the first information is static, and the second information
generating unit of the information processing device may
generate information representing a three-dimensional
spatial region of which a center position of the 3-dimen-
sional spatial region is static as the second information
in a case in which the first information is true.

[0137] In addition, the first information stored in a G-
PCC file may be information indicating whether a rela-
tionship including a positional relation in a three-dimen-
sional space (also referred to as a spatial positional re-
lation) between three-dimensional spatial regions (3D
spatial regions) is static. Furthermore, the second infor-
mation stored in the G-PCC file may be information rep-
resenting a three-dimensional spatial region of which a
center position of the three-dimensional spatial region is
static. The extraction unit of the information processing
device may specify a three-dimensional spatial region
(3D spatial region) constructing a point cloud on the basis
of information representing the three-dimensional spatial
region.

[0138] For example, the first information may be a
static_region_relation flag or may be a static_mapping
flag. In 3DSpatialRegionStruct, in a case in which the
first information is true (for example, in the case of
static_region_relation = 1 or static_mapping = 1), as il-
lustrated in Fig. 23, restrictions of a position of a center
of a 3D spatial region (coordinates (center_x, center_y,
center_z) of the center) being fixed (static) in the time
direction and only the size being able to change (dynam-
ic) in the time direction may be added. In the case of the
example illustrated in Fig. 23, sizes of a 3D spatial region
61 to a 3D spatial region 64 are dynamic (the sizes are
different at a time t = t1 and a time t = t2), and positions
of center points (a center point 81 to a center point 84)
of the 3D spatial region 61 to the 3D spatial region 64
are static (the positions are the same at the time t = t1
and the time t = t2). Then, 3DSpatialRegionStruct to
which such restrictions have been added may be trans-
mitted as the second information.

[0139] In addition, as described with reference to Fig.
12, in 3DSpatialRegionStruct, the center coordinates
(center_x, center_y, center_z) of the 3D spatial region is
not set. For example, such coordinates can be derived
as in the following equation. In other words, in a case in

10

15

20

25

30

35

40

45

50

55

14

which the first information is true, the coordinates of the
reference point and the size of the 3D spatial region are
set such that the center coordinates (center_x, center_y,
center_z) of the 3D spatial region become static using
the following equations.

center x = anchor x+region dx/2

center y = anchor y+region dy/2

center z = anchor z+region dz/2

[0140] In addition, the center coordinates (center_x,
center_y, center_z) of the 3D spatial region is newly sig-
naled to a sample entry of the dynamic spatial region
timed metadata track, and, in a case in which the first
information is true, only the size (region_dx, region_dy,
region_dz) of the 3D spatial region may be set for each
sample using 3DSpatialRegionStruct.

[0141] By configuring the center position of each 3D
spatial region to be static, a spatial positional relation
between 3D spatial regions is assured (becomes a static
relation). In other words, a static spatial positional relation
between 3D spatial regions can be easily perceived on
the basis of the second information
(3DSpatialRegionStruct) stored in the G-PCC file. Thus,
similar to the case of Method 1-1, the reproduction device
can perform reproduction without checking information
of a 3D spatial region to be reproduced, tiles composing
the 3D spatial region, a tile stored in a G-PCC tile track,
and the like for each frame. Therefore, an increase in the
load of the reproduction process can be inhibited.

<2-9. Relationship including correspondence relation be-
tween 3D spatial region and information used for acquir-
ing tile>

[0142] In a case in which a correspondence relation
between a 3D spatial region and information used for
acquiring a tile is static, in a sample of dynamic spatial
region timed metadata, there are fields of which values
do not change. Thus, in a case in which a correspond-
ence relation between a 3D spatial region and informa-
tion used for acquiring tiles is static, designation of infor-
mation used for acquiring tiles composing the 3D spatial
region in DynamicGPCC3DSpatialRegionSample may
be omitted.

[0143] In other words, in a case in which Method 1 is
applied, as illustrated in an 8th section from the top of
the table illustrated in Fig. 13, the first information may
be information indicating whether a relationship including
a correspondence relation between a 3D spatial region
and information used for acquiring tiles is static. In addi-
tion, the second information may be dynamic information
about a three-dimensional spatial region
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(DynamicGPCC3DSpatialRegionSample) in which a
correspondencerelation between a 3D spatial region and
information used for acquiring tiles is omitted in a case
in which the first information is true (Method 1-4).
[0144] For example, the first information generating
unit of the information processing device may generate
information indicating whether a relationship including a
correspondence relation between a three-dimensional
spatial region (3D spatial region) and information used
for acquiring tiles of a point cloud is static as the first
information, and the second information generating unit
of the information processing device may generate infor-
mation about a dynamic three-dimensional spatial region
(DynamicGPCC3DSpatialRegionSample) without in-
cluding the information representing the correspondence
relation as the second information in a case in which the
first information is true.

[0145] In that case, the information used for acquiring
tiles may be identification information (tile_id) of the tile
or may be identification information (tile_track_id) of a
track storing data of the tile in the G-PCC file.

[0146] In addition, the first information stored in the G-
PCC file may be information indicating whether a rela-
tionship including a correspondence relation between a
three-dimensional spatial region (3D spatial region) and
information used for acquiring tiles of a point cloud is
static. In addition, the second information stored in the
G-PCC file may be information about a dynamic three-
dimensional spatial region
(DynamicGPCC3DSpatialRegionSample) not including
the information representing the correspondence rela-
tion. The extraction unit of the information processing
device may specify a three-dimensional spatial region
constructing a point cloud on the basis of information
about the dynamic three-dimensional spatial region and
information representing a static correspondence rela-
tion between the three-dimensional spatial region (3D
spatial region) and the information used for acquiring tiles
of the point cloud.

[0147] In that case, the information used for acquiring
tiles may be identification information (tile_id) of the tile
or may be identification information (tile_track_id) of a
track storing data of the tile in the G-PCC file.

[0148] By configuring as such, an increase in the
amount of information of dynamic spatial region timed
metadata can be inhibited, and an increase in the amount
of information of a G-PCC file can be inhibited. Thus,
increasesin the load of a process relating to transmission
of a G-PCC file and the load of the band of a communi-
cation line can be inhibited. In addition, parsing of dy-
namic spatial region timed metadata can be performed
more easily, and an increase in the load of the reproduc-
tion process can be inhibited.

<2-10. static_tile_mapping>

[0149] In a case in which Method 1-4 is applied, as
illustrated in a 9th section from the top of the table illus-
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trated in Fig. 13, the first information may be information
tiles (a static_tile_mapping flag) indicating whether a cor-
respondence relation between a 3D spatial region and
information used for acquiring is static (Method 1-4-1).
The static_tile_mapping flag is information indicating
whether or not a correspondence relation between a 3D
spatial region and information used for acquiring tiles is
static, for example, in a case in which the value thereof
is "0", it represents that the correspondence relation is
dynamic, and, in a case in which the value thereof is "1",
it represents that the correspondence relation is static.
When the value of this static_tile _mapping flag is "1",
the second information
(DynamicGPCC3DSpatialRegionSample) may be re-
garded not to include (not to store) the information indi-
cating the correspondence relation between a 3D spatial
region and the information used for acquiring tiles.
[0150] For example, the first information generating
unit of the information processing device may generate
information (a static_tile_mapping flag) indicating wheth-
er a correspondence relation between a three-dimen-
sional spatial region (3D spatial region) and information
used for acquiring tiles of a point cloud is static as the
first information.

[0151] In addition, the first information stored in the G-
PCC file may be information (a static_tile_mapping flag)
indicating whether a correspondence relation between a
three-dimensional spatial region (3D spatial region) and
information used for acquiring tiles of a point cloud is
static.

<2-10-1. Syntax example 1>

[0152] In this case, for example, the first information
and the second information may be stored in a dynamic
spatial region timed metadata track of a G-PCC file. An
example of the syntax of the dynamic spatial region timed
metadata track will be described below. Here, it is as-
sumed thatinformation used for acquiring tiles is tile iden-
tification information (tile_id).

[0153] Fig. 24 is a diagram illustrating an example of
the syntax of
DynamicGPCC3DSpatialRegionSampleEntry stored in
a sample entry of the dynamic spatial region timed meta-
data track.

[0154] As illustrated in a 5th row from the top of the
syntax illustrated in Fig. 24, a static_tile_mapping flag
(the  first information) is stored in this
DynamicGPCC3DSpatialRegionSampleEntry.

[0155] Fig. 25 is a diagram illustrating an example of
the syntax of DynamicGPCC3DSpatialRegionSample
stored in a dynamic spatial region timed metadata track.
[0156] As illustrated in a 5th row to a 9th row from the
top of the syntax illustrated in Fig. 25, in this
DynamicGPCC3DSpatialRegionSample, in a case in
which the value of the static_tile_mapping flag is "0
(false)", foreach 3D spatial regionincluded in the sample,
identification information (tile_id) of a tile corresponding
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to the 3D spatial region (in other words, a tile composing
the 3D spatial region) is designated. In other words, in
this case, in DynamicGPCC3DSpatialRegionSample, a
list of tile identification information (tile_id) corresponding
to each 3D spatial region of the sample is included. On
the other hand, in a case in which the value of the
static_tile_mapping flag is "1 (true)", designation of the
tile identification information (tile_id) is omitted. In other
words, in a case in which the value of the
static_tile_mapping  flag is ™ (true)", in
DynamicGPCC3DSpatialRegionSample, a list of tile
identification information (tile_id) corresponding to each
3D spatial region of the sample is not included.

[0157] By configuring as such, unnecessary informa-
tion can be inhibited from being stored in dynamic spatial
region timed metadata. Thus, an increase in the amount
of information of dynamic spatial region timed metadata
can be inhibited, and an increase in the amount of infor-
mation of a G-PCC file can be inhibited. Therefore, in-
creases in the load of a process relating to transmission
of a G-PCC file and the load of the band of a communi-
cation line can be inhibited. In addition, parsing of dy-
namic spatial region timed metadata can be performed
more easily, and an increase in the load of the reproduc-
tion process can be inhibited.

<2-10-2. Syntax example 2>

[0158] In <2-10-1. Syntax example 1>, although it has
been described that information used for acquiring tiles
is the tile identification information (tile_id), the informa-
tion used for acquiring tiles may be tile track identification
information (tile_track_id). By applying the tile track iden-
tification information (tile_track_id) in place of the tile
identification information (tile_id), the reproduction de-
vice does not need to parse GPCC tile sample entries
(GPCCTileSampleEntry) of all the G-PCC tile tracks and
can easily identify G-PCC tile tracks storing data of tiles
composing a desired 3D spatial region. An example of
the syntax of the dynamic spatial region timed metadata
track of this case will be described below.

[0159] In this case, the syntax of
DynamicGPCC3DSpatialRegionSampleEntry is the
same as that of the example described with reference to
Fig. 24.

[0160] Fig. 26 is a diagram illustrating an example of
the syntax of DynamicGPCC3DSpatialRegionSample of
this case.

[0161] Asiillustrated in a 5th row to a 9th row from the
top of the syntax illustrated in Fig. 26, in this
DynamicGPCC3DSpatialRegionSample, in a case in
which the value of the static_tile_mapping flag is "0
(false)", foreach 3D spatial region included in the sample,
identification information (tile_track_id) of a G-PCC tile
track in which a tile composing the 3D spatial region is
stored is designated. In other words, in this case, a list
of identification information (tile_track_id) of G-PCC tile
tracks corresponding to respective 3D spatial regions of
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the sample is included in
DynamicGPCC3DSpatialRegionSample. On the other
hand, in a case in which the value of the
static_tile_mapping flag is "1 (true)", designation of iden-
tification information (tile_track_id) of the G-PCC tile
track is omitted. In other words, in this case, in
DynamicGPCC3DSpatialRegionSample, a list of identi-
fication information (tile_track_id) of G-PCC tile tracks
corresponding to respective 3D spatial regions of the
sample is not included.

[0162] By configuring as such, unnecessary informa-
tion can be inhibited from being stored in dynamic spatial
region timed metadata. Thus, an increase in the amount
of information of dynamic spatial region timed metadata
can be inhibited, and an increase in the amount of infor-
mation of a G-PCC file can be inhibited. Therefore, in-
creases in the load of a process relating to transmission
of a G-PCC file and the load of the band of a communi-
cation line can be inhibited. In addition, parsing of dy-
namic spatial region timed metadata can be performed
more easily, and an increase in the load of the reproduc-
tion process can be inhibited.

<2-11. static_mapping>

[0163] In<2-10.static_tile_mapping>, although a case
in which information (the static_tile_mapping flag) indi-
cating whether a correspondence relation between a
three-dimensional spatial region (3D spatial region) and
information used for acquiring tiles of a point cloud is
static in the time direction is applied as the first informa-
tion has been described, the first information is not limited
to this example.

[0164] In a case in which Method 1-4 is applied, as
illustrated in a 10th section from the top of the table illus-
trated in Fig. 13, the first information may be a spatial
positional relation between 3D spatial regions and infor-
mation (a static_mapping flag) indicating whether a cor-
respondence relation between a 3D spatial region and
information used for acquiring tiles is static in the time
direction (Method 1-4-2). In other words, when the value
of the static_mapping flag is "1", the second information
(DynamicGPCC3DSpatialRegionSample) may be con-
figured not to include (not to store) information indicating
a correspondence relation between a 3D spatial region
and information used for acquiring tiles.

[0165] For example, the first information generating
unit of the information processing device may generate
a spatial positional relation between three-dimensional
spatial regions (3D spatial regions) and information (a
static_mapping flag) indicating whether a correspond-
ence relation between a three-dimensional spatial region
and information used for acquiring tiles is static in the
time direction as the first information.

[0166] In addition, the first information stored in the G-
PCC file may be a spatial positional relation between
three-dimensional spatial regions (3D spatial regions)
and information (a static_mapping flag) indicating wheth-
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er a correspondence relation between a three-dimen-
sional spatial region and information used for acquiring
tiles is static in the time direction.

<2-11-1. Syntax example 1>

[0167] In this case, for example, the first information
and the second information may be stored in a dynamic
spatial region timed metadata track of the G-PCC file. An
example of the syntax of the dynamic spatial region timed
metadata track will be described below. Here, it is as-
sumed that information used for acquiring tiles is tile iden-
tification information (tile_id).

[0168] Fig. 27 is a diagram illustrating an example of
the syntax of
DynamicGPCC3DSpatialRegionSampleEntry stored in
a sample entry of a dynamic spatial region timed meta-
data track.

[0169] As illustrated in a 5th row from the top of the
syntax illustrated in Fig. 27, a static_mapping flag (the
first information) is stored in
DynamicGPCC3DSpatialRegionSampleEntry.

[0170] Fig. 28 is a diagram illustrating an example of
the syntax of DynamicGPCC3DSpatialRegionSample
stored in a dynamic spatial region timed metadata track.
[0171] As illustrated in a 5th row to a 9th row from the
top of the syntax illustrated in Fig. 28, in this
DynamicGPCC3DSpatialRegionSample, in a case in
which the value of the static_mapping flag is "0 (false)",
for each 3D spatial region included in the sample, iden-
tification information (tile_id) of a tile corresponding to
the 3D spatial region (in other words, a tile composing
the 3D spatial region) is designated. In other words, in
this case, in DynamicGPCC3DSpatialRegionSample, a
list of tile identification information (tile_id) corresponding
to each 3D spatial region of the sample is included. On
the other hand, in a case in which the value of the
static_mapping flag is "1 (true)", designation of the tile
identification information (tile_id) is omitted. In other
words, in a case in which the value of the static_mapping
flag is " (true)", in
DynamicGPCC3DSpatialRegionSample, a list of tile
identification information (tile_id) corresponding to re-
spective 3D spatial regions of the sample is not included.
[0172] By configuring as such, unnecessary informa-
tion can be inhibited from being stored in dynamic spatial
region timed metadata. Thus, an increase in the amount
of information of dynamic spatial region timed metadata
can be inhibited, and an increase in the amount of infor-
mation of a G-PCC file can be inhibited. Therefore, in-
creases in the load of a process relating to transmission
of a G-PCC file and the load of the band of a communi-
cation line can be inhibited. In addition, parsing of dy-
namic spatial region timed metadata can be performed
more easily, and an increase in the load of the reproduc-
tion process can be inhibited.
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<2-11-2. Syntax example 2>

[0173] In<2-11-1. Syntax example 1>, although it has
been described that information used for acquiring tiles
is the tile identification information (tile_id), the informa-
tion used for acquiring tiles may be tile track identification
information (tile_track_id). By applying the tile track iden-
tification information (tile_track_id) in place of the tile
identification information (tile id), the reproduction device
does not need to parse GPCC tile sample entries (GPC-
CTileSampleEntry) of all the G-PCC tile tracks and can
easily identify a G-PCC tile track storing data of tiles com-
posing a desired 3D spatial region. An example of the
syntax of the dynamic spatial region timed metadata track
of this case will be described below.

[0174] In this case, the syntax of
DynamicGPCC3DSpatialRegionSampleEntry is the
same as that of the example described with reference to
Fig. 27.

[0175] Fig. 29 is a diagram illustrating an example of
the syntax of DynamicGPCC3DSpatialRegionSample of
this case.

[0176] As illustrated in a 5th row to a 9th row from the
top of the syntax illustrated in Fig. 29, in this
DynamicGPCC3DSpatialRegionSample, in a case in
which the value of the static_mapping flag is "0 (false)",
for each 3D spatial region included in the sample, iden-
tification information (tile_track_id) of a G-PCC tile track
in which a tile composing the 3D spatial region is stored
is designated. In other words, in this case, a list of iden-
tification information (tile_track_id) of G-PCC tile tracks
corresponding to respective 3D spatial regions of the
sample is included in
DynamicGPCC3DSpatialRegionSample. On the other
hand, in a case in which the value of the static mapping
flag is "1 (true)", designation of identification information
(tile_track_id) of the G-PCC tile track is omitted. In other
words, in this case, in
DynamicGPCC3DSpatialRegionSample, a list of identi-
fication information (tile_track_id) of G-PCC tile tracks
corresponding to respective 3D spatial regions of the
sample is not included.

[0177] By configuring as such, unnecessary informa-
tion can be inhibited from being stored in dynamic spatial
region timed metadata. Thus, an increase in the amount
of information of dynamic spatial region timed metadata
can be inhibited, and an increase in the amount of infor-
mation of a G-PCC file can be inhibited. Therefore, in-
creases in the load of a process relating to transmission
of a G-PCC file and the load of the band of a communi-
cation line can be inhibited. In addition, parsing of dy-
namic spatial region timed metadata can be performed
more easily, and an increase in the load of the reproduc-
tion process can be inhibited.

<2-12. Number of static 3D spatial regions>

[0178] Ineach example described above, forexample,
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as illustrated in a 2nd row from the top of the syntax il-
lustrated in Fig. 29, in
DynamicGPCC3DSpatialRegionSample, the number of
3D spatial regions (num_regions) is designated for each
sample. In other words,
DynamicGPCC3DSpatialRegionSample includes the
number of dynamic 3D spatial regions. However,
DynamicGPCC3DSpatialRegionSample may be config-
ured not to include the number of dynamic 3D spatial
regions.

[0179] In a case in which Method 1-4 is applied, as
illustrated in an 11th section from the top of the table
illustrated in Fig. 13, when the first information is true,
the second information
(DynamicGPCC3DSpatialRegionSample) may be con-
figured to include the number of static 3D spatial regions
in place of the number of dynamic 3D spatial regions
(Method 1-4-3). Since the number of G-PCC tile tracks
is static in a G-PCC file, a correspondence relation be-
tween a 3D spatial region and a G-PCC tile track is static,
and thus num_regions are static as well.

[0180] For example, the second information generat-
ing unit of the information processing device may gener-
ate information about a dynamic three-dimensional spa-
tial region further including information that represents
the number of static three-dimensional spatial regions.
[0181] Inaddition, the second information stored in the
G-PCC file may be information about a dynamic three-
dimensional spatial region further including information
that represents the number of static three-dimensional
spatial regions. The extraction unit of the information
processing device may extract data of tiles composing a
three-dimensional spatial region constructing a point
cloud from a file on the basis of the information about the
dynamic three-dimensional spatial region and informa-
tion representing a static correspondence relation be-
tween a three-dimensional spatial region and information
used for acquiring tiles.

[0182] Inaddition, in a case in which this Method 1-4-3
is applied, the first information may be information (a
static_tile_mapping flag) indicating whether a corre-
spondence relation between a 3D spatial region and in-
formation used for acquiring tiles is static or may be a
spatial positional relation between 3D spatial regions and
information (a static_mapping flag) indicating whether a
correspondence relation between a 3D spatial region and
information used for acquiring tiles is static. Furthermore,
the information used for acquiring tiles may be tile iden-
tification information (tile_id) or may be tile track identifi-
cation information (tile_track_id).

<2-12-1. Syntax example 1>

[0183] Here, itis assumed that the first information is
information (a static_tile_mapping flag) indicating wheth-
era correspondence relation between a 3D spatial region
and information used for acquiring tiles is static, and the
information used for acquiring tiles is tile identification
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information (tile_id).

[0184] In this case, the syntax of
DynamicGPCC3DSpatialRegionSampleEntry is the
same as that of the example described with reference to
Fig. 24.

[0185] Fig. 30 is a diagram illustrating an example of
the syntax of DynamicGPCC3DSpatialRegionSample
stored in a dynamic spatial region timed metadata track.
[0186] As illustrated in a 2nd row to a 6th row from the
top of the syntax illustrated in Fig. 30, in this
DynamicGPCC3DSpatialRegionSample, in a case in
which the value of the static_tile_mapping flag is "0
(false)", a 3D spatial region number
(num_regions_dynamic) of the sample is set. In other
words, in this case,
DynamicGPCC3DSpatialRegionSample includes the
number of dynamic 3D spatial regions. On the other hand,
in a case in which the value of the static_tile_mapping
flag is "1 (true)", the number of static 3D spatial regions
(num_regions) is set. In other words, in this case,
DynamicGPCC3DSpatialRegionSample includes the
number of static 3D spatial regions.

[0187] In addition, in a case in which the value of the
static_tile_mapping flag is "1", each entry of a NumRe-
gions loop of the sample updates information of
3DSpatialRegionStrcut of an entry of the same index of
a num_regions loop of GPCCSpatialRegionBox of the
previous sample or a sample entry. 3d_region_id stored
in 3DSpatialRegionStruct may update information of the
same 3DSpatialRegionStrcut.

[0188] By configuring as such, in a case in which the
first information is true, the number of 3D spatial regions
stored in dynamic spatial region timed metadata be-
comes staticin correspondence with a static correspond-
ence relation between a 3D spatial region and a G-PCC
tile track. Thus, the number of 3D spatial regions does
not need to be checked for each sample, parsing of dy-
namic spatial region timed metadata can be performed
more easily, and an increase in the load of the reproduc-
tion process can be inhibited.

[0189] In addition, in
DynamicGPCC3DSpatialRegionSample of the example
of this Fig. 30, similar to the case illustrated in Fig. 25, in
a case in which the value of the static_tile_mapping flag
is "1 (true)", designation of tile identification information
(tile_id) is omitted. In other words, in a case in which the
value of the static_tile_mapping flag is "1 (true)", in this
DynamicGPCC3DSpatialRegionSample, a list of tile
identification information (tile_id) corresponding to re-
spective 3D spatial regions of the sample is not included.
[0190] Thus, unnecessary information can be inhibited
from being stored in dynamic spatial region timed meta-
data. Thus, an increase in the amount of information of
dynamic spatial region timed metadata can be inhibited,
and an increase in the amount of information of a G-PCC
file can be inhibited. Therefore, increases in the load of
a process relating to transmission of a G-PCC file and
the load of the band of a communication line can be in-
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hibited. In addition, parsing of dynamic spatial region
timed metadata can be performed more easily, and an
increase in the load of the reproduction process can be
inhibited.

<2-12-2. Syntax example 2>

[0191] Here, it is assumed that the first information is
information (a static_tile_mapping flag) indicating wheth-
era correspondence relation between a 3D spatial region
and information used for acquiring tiles is static, and the
information used for acquiring tiles is tile track identifica-
tion information (tile_track_id). By applying the tile track
identification information (tile_track_id) in place of the tile
identification information (tile_id), the reproduction de-
vice does not need to parse GPCC tile sample entries
(GPCCTileSampleEntry) of all the G-PCC tile tracks and
can easily identify a G-PCC tile track storing data of a
tile composing a desired 3D spatial region.

[0192] In this case, the syntax of
DynamicGPCC3DSpatialRegionSampleEntry is the
same as that of the example described with reference to
Fig. 24.

[0193] Fig. 31 is a diagram illustrating an example of
the syntax of DynamicGPCC3DSpatialRegionSample
stored in a dynamic spatial region timed metadata track.
[0194] Inthe case of the example illustrated in Fig. 31,
similar to the case of the example illustrated in Fig. 30,
when the value of the static_tile_mapping flag is "0
(false)", the number of 3D spatial regions
(num_regions_dynamic) of the sample is set. In other
words in this case,
DynamicGPCC3DSpatialRegionSample includes the
numberof dynamic 3D spatial regions. On the other hand,
in a case in which the value of the static_tile_mapping
flag is "1 (true)", the number of static 3D spatial regions
(num_regions) is set. In other words, in this case,
DynamicGPCC3DSpatialRegionSample includes the
number of static 3D spatial regions.

[0195] In addition, in a case in which the value of the
static_tile_mapping flag is "1", each entry of a NumRe-
gions loop of the sample updates information of
3DSpatialRegionStrcut of an entry of the same index of
a num_regions loop of GPCCSpatialRegionBox of the
previous sample or a sample entry. 3d_region_id stored
in 3DSpatialRegionStruct may update information of the
same 3DSpatialRegionStrcut.

[0196] By configuring as such, in a case in which the
first information is true, the number of 3D spatial regions
stored in dynamic spatial region timed metadata be-
comes static in correspondence with a static correspond-
ence relation between a 3D spatial region and a G-PCC
tile track. Thus, the number of 3D spatial regions does
not need to be checked for each sample, parsing of dy-
namic spatial region timed metadata can be performed
more easily, and an increase in the load of the reproduc-
tion process can be inhibited.

[0197] In addition, in
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DynamicGPCC3DSpatialRegionSample of the example
of this Fig. 31, similar to the case illustrated in Fig. 26, in
a case in which the value of the static_tile_mapping flag
is "1 (true)", designation of tile track identification infor-
mation (tile_track_id) is omitted. In other words, in a case
in which the value of the static_tile_mapping flag is "1
(true)", in this DynamicGPCC3DSpatialRegionSample,
a list of tile track identification information (tile_track_id)
corresponding to respective 3D spatial regions of the
sample is not included.

[0198] Thus, unnecessary information can be inhibited
from being stored in dynamic spatial region timed meta-
data. Thus, an increase in the amount of information of
dynamic spatial region timed metadata can be inhibited,
and an increase in the amount of information of a G-PCC
file can be inhibited. Therefore, increases in the load of
a process relating to transmission of a G-PCC file and
the load of the band of a communication line can be in-
hibited. In addition, parsing of dynamic spatial region
timed metadata can be performed more easily, and an
increase in the load of the reproduction process can be
inhibited.

<2-12-3. Syntax example 3>

[0199] Here, it is assumed that the first information is
a spatial positional relation between three-dimensional
spatial regions (3D spatial regions) and information (a
static mapping flag) indicating whether a correspond-
ence relation between a three-dimensional spatial region
and information used for acquiring tiles is static in the
time direction, and the information used for acquiring tiles
is tile track identification information (tile_id).

[0200] In this case, the syntax of
DynamicGPCC3DSpatialRegionSampleEntry is the
same as that of the example described with reference to
Fig. 27.

[0201] Fig. 32 is a diagram illustrating an example of
the syntax of DynamicGPCC3DSpatialRegionSample
stored in a dynamic spatial region timed metadata track.
[0202] As illustrated in a 2nd row to a 6th row from the
top of the syntax illustrated in Fig. 32, in this
DynamicGPCC3DSpatialRegionSample, in a case in
which the value of the static_mapping flag is "0 (false)",
the number of 3D spatial regions
(num_regions_dynamic) of the sample is set. In other
words, in this case,
DynamicGPCC3DSpatialRegionSample includes the
number of dynamic 3D spatial regions. On the other hand,
in a case in which the value of the static_mapping flag is
"1 (true)", the number of static 3D spatial regions
(num_regions) is set. In other words, in this case,
DynamicGPCC3DSpatialRegionSample includes the
number of static 3D spatial regions.

[0203] In addition, in a case in which the value of the
static_mapping flag is "1", each entry of a NumRegions
loop of the sample updates information of
3DSpatialRegionStrcut of an entry of the same index of
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a num_regions loop of GPCCSpatialRegionBox of the
previous sample or a sample entry. 3d_region_id stored
in 3DSpatialRegionStruct may update information of the
same 3DSpatialRegionStrcut.

[0204] By configuring as such, in a case in which the
first information is true, the number of 3D spatial regions
stored in dynamic spatial region timed metadata be-
comes static in correspondence with a static correspond-
ence relation between a 3D spatial region and a G-PCC
tile track. Thus, the number of 3D spatial regions does
not need to be checked for each sample, parsing of dy-
namic spatial region timed metadata can be performed
more easily, and an increase in the load of the reproduc-
tion process can be inhibited.

[0205] In addition, in
DynamicGPCC3DSpatialRegionSample of the example
of this Fig. 32, similar to the case illustrated in Fig. 25, in
a case in which the value of the static_mapping flag is "1
(true)", designation of tile identification information
(tile_id) is omitted. In other words, in a case in which the
value of the static_mapping flag is "1 (true)", in this
DynamicGPCC3DSpatialRegionSample, a list of tile
identification information (tile_id) corresponding to re-
spective 3D spatial regions of the sample is not included.
[0206] Thus, unnecessary information can be inhibited
from being stored in dynamic spatial region timed meta-
data. Thus, an increase in the amount of information of
dynamic spatial region timed metadata can be inhibited,
and an increase in the amount of information ofa G-PCC
file can be inhibited. Therefore, increases in the load of
a process relating to transmission of a G-PCC file and
the load of the band of a communication line can be in-
hibited. In addition, parsing of dynamic spatial region
timed metadata can be performed more easily, and an
increase in the load of the reproduction process can be
inhibited.

<2-12-4. Syntax example 4>

[0207] Here, itis assumed that the first information is
a spatial positional relation between three-dimensional
spatial regions (3D spatial regions) and information (a
static_mapping flag) indicating whether a correspond-
ence relation between a three-dimensional spatial region
and information used for acquiring tiles is static in the
time direction, and the information used for acquiring tiles
is tile track identification information (tile_track_id). By
applying the tile track identification information
(tile_track_id) in place of the tile identification information
(tile_id), the reproduction device does not need to parse
GPCC tile sample entries (GPCCTileSampleEntry) of all
the G-PCC tile tracks and can easily identify a G-PCC
tile track storing data of a tile composing a desired 3D
spatial region.

[0208] In this case, the syntax of
DynamicGPCC3DSpatialRegionSampleEntry is the
same as that of the example described with reference to
Fig. 27.
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[0209] Fig. 33 is a diagram illustrating an example of
the syntax of DynamicGPCC3DSpatialRegionSample
stored in a dynamic spatial region timed metadata track.
[0210] Inthe case of the example illustrated in Fig. 33,
similar to the case of the example illustrated in Fig. 32,
when the value of the static_mapping flag is "0 (false)",
the number of 3D spatial regions
(num_regions_dynamic) of the sample is set. In other
words in this case,
DynamicGPCC3DSpatialRegionSample includes the
number of dynamic 3D spatial regions. On the other hand,
in a case in which the value of the static_mapping flag is
"1 (true)", the number of static 3D spatial regions
(num_regions) is set. In other words, in this case,
DynamicGPCC3DSpatialRegionSample includes the
number of static 3D spatial regions.

[0211] In addition, in a case in which the value of the
static_mapping flag is "1", each entry of a NumRegions
loop of the sample updates information of
3DSpatialRegionStrcut of an entry of the same index of
a num_regions loop of GPCCSpatialRegionBox of the
previous sample or a sample entry. 3d_region_id stored
in 3DSpatialRegionStruct may update information of the
same 3DSpatialRegionStrcut.

[0212] By configuring as such, in a case in which the
first information is true, the number of 3D spatial regions
stored in dynamic spatial region timed metadata be-
comes staticin correspondence with a static correspond-
ence relation between a 3D spatial region and a G-PCC
tile track. Thus, the number of 3D spatial regions does
not need to be checked for each sample, parsing of dy-
namic spatial region timed metadata can be performed
more easily, and an increase in the load of the reproduc-
tion process can be inhibited.

[0213] In addition, in
DynamicGPCC3DSpatialRegionSample of the example
of this Fig. 33, similar to the case illustrated in Fig. 29, in
a case in which the value of the static_mapping flag is "1
(true)", designation of tile track identification information
(tile_track_id) is omitted. In other words, in a case in
which the value of the static_mapping flag is "1 (true)",
in this DynamicGPCC3DSpatialRegionSample, a list of
tile track identification information (tile_track_id) corre-
sponding to respective 3D spatial regions of the sample
is not included.

[0214] Thus, unnecessary information can be inhibited
from being stored in dynamic spatial region timed meta-
data. Thus, an increase in the amount of information of
dynamic spatial region timed metadata can be inhibited,
and an increase in the amount of information of a G-PCC
file can be inhibited. Therefore, increases in the load of
a process relating to transmission of a G-PCC file and
the load of the band of a communication line can be in-
hibited. In addition, parsing of dynamic spatial region
timed metadata can be performed more easily, and an
increase in the load of the reproduction process can be
inhibited.
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<2-13. Combination>

[0215] In a case in which Method 1 is applied, as illus-
trated in a 12th section from the top of the table illustrated
in Fig. 13, any one of Methods 1-1 to 1-3 described above
and Method 1-4 may be combined and applied (Method
1-5).

<2-13-1. Combination example 1>

[0216] Forexample, Syntaxexample 2 of Method 1-1-1
and Syntax example 2 of Method 1-4-3 described above
may be combined.

[0217] Fig. 34 is a diagram illustrating an example of
the syntax of
DynamicGPCC3DSpatialRegionSampleEntry stored in
a sample entry of a dynamic spatial region timed meta-
data track.

[0218] As illustrated in a 5th row and a 6th row from
the top of the syntax illustrated in Fig. 34, in this
DynamicGPCC3DSpatialRegionSampleEntry, a
static_region_relation flag and a static_tile_mapping flag
are stored as first information. In addition, as illustrated
in an 8th row and a 9th row from the top of the syntax
illustrated in Fig. 34, in
DynamicGPCC3DSpatialRegionSampleEntry, in a case
in which the value of the static_region_relation flag is "1",
3DBoundingSpaceStruct (second information) is stored.
[0219] In addition, in this case, the syntax of
DynamicGPCC3DSpatialRegionSample is the same as
that of the example described with reference to Fig. 31.
Furthermore, the syntax of 3DBoundingSpaceStruct is
the same as that of the example described with reference
to Fig. 18.

[0220] In other words, in
DynamicGPCC3DSpatialRegionSampleEntry, the
static_region_relation flag and the static_tile_mapping
flag (the firstinformation) are stored. In addition, in a case
in which the value of the static_region_relation flag is "1",
in DynamicGPCC3DSpatialRegionSampleEntry,
3DBoundingSpaceStruct (the second information) de-
scribed with reference to Fig. 18 is stored.

[0221] Thus, the reproduction device can easily per-
ceive whether or not a spatial positional relation between
3D spatial regions is static and the spatial positional re-
lation between the 3D spatial regions on the basis of such
information. Thus, the reproduction device can perform
reproduction without checking information such as a 3D
spatial region to be reproduced, tiles composing the 3D
spatial region, tiles stored in G-PCC tile tracks, and the
like for each frame.

[0222] In addition, as illustrated in Fig. 31, in
DynamicGPCC3DSpatialRegionSample that is the sec-
ond information, in a case in which the value of the
static_tile_mapping flag is "1 (true)", a list of tile track
identification information (tile_track_id) corresponding to
respective 3D spatial regions of the sample is not includ-
ed.
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[0223] By configuring as such, unnecessary informa-
tion can be inhibited from being stored in dynamic spatial
region timed metadata. Thus, an increase in the amount
of information of dynamic spatial region timed metadata
can be inhibited, and an increase in the amount of infor-
mation of a G-PCC file can be inhibited. Therefore, in-
creases in the load of a process relating to transmission
of a G-PCC file and the load of the band of a communi-
cation line can be inhibited. In addition, parsing of dy-
namic spatial region timed metadata can be performed
more easily.

[0224] In addition, by applying the tile track identifica-
tion information (tile_track_id) in place of the tile identifi-
cation information (tile_id), the reproduction device does
not need to parse GPCC tile sample entries (GPCCTile-
SampleEntry) of all the G-PCC tile tracks and can easily
identify G-PCC tile tracks storing data of tiles composing
a desired 3D spatial region.

[0225] As above, also in this case, an increase in the
load of the reproduction process can be inhibited.

<2-13-2. Combination example 2>

[0226] Forexample, Syntaxexample 2 of Method 1-1-2
and Syntax example 4 of Method 1-4-3 described above
may be combined.

[0227] In this case,
DynamicGPCC3DSpatialRegionSampleEntry is the
same as that of the example described with reference to
Fig. 20. In addition, the syntax of
DynamicGPCC3DSpatialRegionSample is the same as
that of the example described with reference to Fig. 33.
Furthermore, the syntax of 3DBoundingSpaceStruct is
the same as that of the example described with reference
to Fig. 18.

[0228] In other words, in this case, a static_mapping
flag (first information) is stored in
DynamicGPCC3DSpatialRegionSampleEntry. In addi-
tion, in a case in which the value of the static_mapping
flagis "1", 3DBoundingSpaceStruct (second information)
as described with reference to Fig. 18 is stored in
DynamicGPCC3DSpatialRegionSampleEntry.

[0229] Thus, the reproduction device can easily per-
ceive whether or not a spatial positional relation between
3D spatial regions is static and the spatial positional re-
lation between the 3D spatial regions on the basis of such
information. Thus, the reproduction device can perform
reproduction without checking information such as a 3D
spatial region to be reproduced, tiles composing the 3D
spatial region, tiles stored in G-PCC tile tracks, and the
like for each frame.

[0230] In addition, as illustrated in Fig. 33, in
DynamicGPCC3DSpatialRegionSample that is the sec-
ond information, in a case in which the value of the
static_mapping flag is "1 (true)", a list of tile track identi-
fication information (tile_track_id) corresponding to re-
spective 3D spatial regions of the sample is not included.
[0231] By configuring as such, unnecessary informa-
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tion can be inhibited from being stored in dynamic spatial
region timed metadata. Thus, an increase in the amount
of information of dynamic spatial region timed metadata
can be inhibited, and an increase in the amount of infor-
mation of a G-PCC file can be inhibited. Therefore, in-
creases in the load of a process relating to transmission
of a G-PCC file and the load of the band of a communi-
cation line can be inhibited. In addition, parsing of dy-
namic spatial region timed metadata can be performed
more easily.

[0232] In addition, by applying the tile track identifica-
tion information (tile_track_id) in place of the tile identifi-
cation information (tile_id), the reproduction device does
not need to parse GPCC tile sample entries (GPCCTile-
SampleEntry) of all the G-PCC tile tracks and can easily
identify G-PCC tile tracks storing data of tiles composing
a desired 3D spatial region.

[0233] As above, also in this case, an increase in the
load of the reproduction process can be inhibited.

<3. Information transmission using MPD>

[0234] In addition, the present technology, for exam-
ple, can be also applied to MPEG-DASH (Moving Picture
Experts Group phase - Dynamic Adaptive Streaming
over HTTP). For example, as illustrated in a 13th section
from the top of the table illustrated in Fig. 13, the first
information described above may be transmitted with be-
ing stored in an MPD (Media Presentation Description)
that is a control file storing control information about dis-
tribution of a bit stream in MPEG-DASH (Method 2).
[0235] For example, the file generating unit of the in-
formation processing device may generate a control file
controlling reproduction of a file and store the first infor-
mation in the control file.

[0236] In addition, the extraction unit of the information
processing device may refer to the firstinformation stored
in the control file controlling reproduction of a file and, in
a case in which a relationship of a point cloud with a
three-dimensional spatial region that is independently
decodable is static, extract data of a tile from the file on
the basis of the second information stored in the file.
[0237] For example, in the MPD, a descriptor storing
first information may be defined (for example, a dynamic
spatial region descriptor) and stored in an adaptation set
(Adaptation Set) corresponding to dynamic spatial region
timed metadata. In addition, a spatialRegion element of
a GPCCSpatialRegions descriptor may be stored in this
descriptor as aninitial value of the dynamic spatial region.
[0238] In addition, for example, similar to the example
illustrated in Fig. 35, by extending the GPCCSpatialRe-
gions descriptor, a spatial positional relation of a 3D spa-
tial region and a @staticMapping element indicating
whether a correspondence relation between the 3D spa-
tial region and the Adaptation set is static may be added.
In other words, the @staticMapping element represents
a value of the static_mapping flag (the first information)
described above. As illustrated in Fig. 35, in a case in
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which the value of this @staticMapping element is "0", a
spatial positional relation between respective 3D spatial
regions is dynamic, and a correspondence relation be-
tween the 3D spatial region and the Adaptation set is
dynamic. In addition, in a case in which the value of the
@staticMapping element is "1", a spatial positional rela-
tion between respective 3D spatial regions is static, and
acorrespondence relation between the 3D spatial region
and the Adaptation set is static.

[0239] In addition, in place of the @staticMapping el-
ement, a @staticRegionRelation element indicating
whether a spatial positional relation of the 3D spatial re-
gion is static and a @staticTileMapping element indicat-
ing whether a correspondence relation between a 3D
spatial region and an Adaptation set referringtoa G-PCC
tile track is static may be provided. In other words, the
@staticRegionRelation element represents the value of
the static_region_relation flag (the first information) de-
scribed above, and the @staticTileMapping elementrep-
resents the static_tile_mapping flag (the firstinformation)
described above.

[0240] In this case, the reproduction device acquires
data of tiles composing a three-dimensional spatial re-
gion constructing a point cloud on the basis of the first
information and the second information in the MPD.
Thus, the reproduction device does not need to check a
correspondence relation between a 3D spatial region and
a track and the like for each sample and can inhibit an
increase in the load of the reproduction process.

<4. Information transmission using Matroska media con-
tainer>

[0241] Inthe description presented above, although an
example in which ISOBMFF is applied as a file format
has been described, a file storing a G-PCC bit stream is
arbitrary and may have a format other thanthe ISOBMFF.
For example, as illustrated in a lowermost section of the
table illustrated in Fig. 13, a G-PCC bit stream may be
configured to be stored in a Matroska media container
(Method 3). A main configuration example of the Matros-
ka media container is illustrated in Fig. 36.

[0242] In this case, for example, the first information
and the second information may be stored as newly-de-
fined elements under a Track Entry element. In addition,
the first information and the second information are
stored in timed metadata, the timed metadata may be
configured to be stored in a Track entry other than the
Track entry in which the G-PCC bit stream is stored.

<5. First embodiment>

<5-1. File generating device>

[0243] The present technology described above can
be applied to an arbitrary device. Fig. 37 is a block dia-

gram illustrating an example of the configuration of a file
generating device thatis one type of information process-
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ing device to which the present technology is applied.
The file generating device 300 illustrated in Fig. 37 is a
device that encodes point cloud data by applying a G-
PCC and stores a G-PCC bit stream generated in ac-
cordance with the encoding in an ISOBMFF (a G-PCC
file).

[0244] The file generating device 300 stores the G-
PCC bit stream in the G-PCC file such that a partial ac-
cess can be made by applying the present technology
described above. In other words, the file generating de-
vice 300 stores first information about a change in a re-
lationship of a point cloud expressing an object having a
three-dimensional shape for a three-dimensional spatial
region that is independently decodable and second in-
formation about a three-dimensional spatial region in ac-
cordance with the first information in the G-PCC file.
[0245] Fig. 37 shows principal components such as
processing units and data flows, and Fig. 37 does not
show all components. In other words, in the file generat-
ing device 300, a processing unit not illustrated in Fig.
37 as a block may be present, and a process and a flow
of data not illustrated in Fig. 37 using arrows and the like
may be present.

[0246] As illustrated in Fig. 37, the file generating de-
vice 300 includes an extraction unit 311, an encoding
unit 312, a bit stream generating unit 313, a first informa-
tion generating unit 314, a second information generating
unit 315, and a file generating unit 316. In addition, the
encoding unit 312 includes a geometry encoding unit
321, an attribute encoding unit 322, and a metadata gen-
erating unit 323.

[0247] The extraction unit 311 extracts geometry data
and attribute data from data of a point cloud input to the
file generating device 300. The extraction unit 311 sup-
plies the extracted geometry data to the geometry en-
coding unit 321 of the encoding unit 312. In addition, the
extraction unit 311 supplies the extracted attribute data
to the attribute encoding unit 322 of the encoding unit 312.
[0248] The encoding unit 312 encodes data of a point
cloud. The geometry encoding unit 321 encodes geom-
etry data supplied from the extraction unit 311 and gen-
erates a geometry bit stream. The geometry encoding
unit 321 supplies the generated geometry bit stream to
the metadata generating unit 323. In addition, the geom-
etry encoding unit 321 also supplies the generated ge-
ometry bit stream to the attribute encoding unit 322.
[0249] The attribute encoding unit 322 encodes at-
tribute data supplied from the extraction unit 311 and
generates an attribute bit stream. The attribute encoding
unit 322 supplies the generated attribute bit stream to
the metadata generating unit 323.

[0250] The metadata generating unit 323 generates
metadata by referring to the geometry bit stream and the
attribute bit stream that has been supplied. The metadata
generating unit 323 supplies the generated metadata to
the bit stream generating unit 313 together with the ge-
ometry bit stream and the attribute bit stream.

[0251] The bit stream generating unit 313 multiplexes
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the geometry bit stream, the attribute bit stream, and the
metadata that have been supplied, thereby generating a
G-PCC bit stream. The bit stream generating unit 313
supplies the generated G-PCC bit stream to the first in-
formation generating unit 314.

[0252] In <2. Information transmission based on
change in relationship with 3D spatial region in time di-
rection>, the first information generating unit 314 gener-
ates first information about a change in the relationship
of a point cloud expressing an object having a three-di-
mensional shape for a three-dimensional spatial region
thatis independently decodable on the basis of a supplied
G-PCC bit stream by applying the present technology
described above. At that time, the first information gen-
erating unit 314 can apply the arbitrary method described
above in <2. Information transmission based on change
in relationship with 3D spatial region in time direction>.
The first information generating unit 314 supplies the
generated firstinformation to the second information gen-
erating unit 315 together with the G-PCC bit stream.
[0253] In <2. Information transmission based on
change in relationship with 3D spatial region in time di-
rection>, the second information generatingunit 315 gen-
erates second information about a three-dimensional
spatial region on the basis of a G-PCC bit stream and
first information that have been supplied by applying the
present technology described above. At that time, the
second information generating unit 315 can apply the
arbitrary method described above in <2. Information
transmission based on change in relationship with 3D
spatial region in time direction>. The second information
generating unit 315 supplies the generated second infor-
mation to the file generating unit 316 together with the
G-PCC bit stream and the first information.

[0254] In <2. Information transmission based on
change in relationship with 3D spatial region in time di-
rection>, the file generating unit 316 generates a G-PCC
file storing the G-PCC bit stream, the first information,
and the second information that have been supplied by
applying the present technology described above. Atthat
time, the file generating unit 316 can apply the arbitrary
method described above in <2. Information transmission
based on change in relationship with 3D spatial region
in time direction>. The file generating unit 316 outputs
the G-PCC file generated as above to the outside of the
file generating device 300.

[0255] By configuring as such, the file generating de-
vice 300 can inhibit an increase in the load of the repro-
duction process as described above in <2. Information
transmission based on change in relationship with 3D
spatial region in time direction>.

<5-2. Flow of file generating process>

[0256] An example of the flow of a file generating proc-
ess performed by this file generating device 300 will be
described with reference to a flowchart illustrated in Fig.
38.
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[0257] When the file generating process starts, the ex-
traction unit 311 of the file generating device 300 extracts
a geometry and an attribute from a point cloud in Step
S301.

[0258] In Step S302, the encoding unit 312 encodes a
geometry and an attribute extracted in Step S301 and
generates a geometry bit stream and an attribute bit
stream. In addition, the encoding unit 312 generates
metadata thereof.

[0259] In Step S303, the bit stream generating unit 313
multiplexes the geometry bit stream, the attribute bit
stream, and the metadata generated in Step S302 and
generates a G-PCC bit stream.

[0260] In Step S304, in <2. Information transmission
based on change in relationship with 3D spatial region
in time direction>, by applying the present technology
described above, the firstinformation generating unit 314
generates first information about a change in the rela-
tionship of a point cloud expressing an object having a
three-dimensional shape for a three-dimensional spatial
region that is independently decodable on the basis of
the G-PCC bit stream generated in Step S303. At that
time, in <2. Information transmission based on change
in relationship with 3D spatial region in time direction>,
the first information generating unit 314 can apply the
arbitrary method described above.

[0261] In Step S305, in <2. Information transmission
based on change in relationship with 3D spatial region
in time direction>, by applying the present technology
described above, the second information generating unit
315 generates second information about a three-dimen-
sional spatial region in accordance with the first informa-
tion generated in Step S304. At that time, in <2. Informa-
tion transmission based on change in relationship with
3D spatial region in time direction>, the second informa-
tion generating unit 315 can apply the arbitrary method
described above.

[0262] In Step S306, the file generating unit 316 gen-
erates the otherinformation and, in <2. Information trans-
mission based on change in relationship with 3D spatial
region in time direction> and, by applying the present
technology described above, generates a G-PCC file
storing the G-PCC bit stream, the first information, and
the second information.

[0263] When the process of Step S306 ends, the file
generating process ends.

[0264] As above, in the file generating process, the file
generating device 300, by applying the present technol-
ogy described above in <2. Information transmission
based on change in relationship with 3D spatial region
in time direction>, generates firstinformation and second
information and stores them in the G-PCC file. By con-
figuring as such, as described above in <2. Information
transmission based on change in relationship with 3D
spatial regionintime direction>, the file generating device
300 caninhibitan increase in the load of the reproduction
process.
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<6. Second embodiment>
<6-1. Reproduction device>

[0265] Fig. 39 is a block diagram illustrating an exam-
ple of the configuration of a reproduction device that is
one type of information processing device to which the
present technology is applied. The reproduction device
400 illustrated in Fig. 39 is a device that decodes a G-
PCC file, constructs a point cloud, and generates pres-
entation information through rendering. At that time, by
applying the present technology described above, the
reproduction device 400 can extract data of a tile com-
posing a desired 3D spatial region of a point cloud from
the G-PCC file and reproduce the extraction information
through decoding. In other words, the reproduction de-
vice 400 can decode and reproduce only a part of the
point cloud.

[0266] Fig. 39 shows principal components such as
processing units and data flows, and Fig. 39 does not
show all components. That is, processing units that are
not illustrated in Fig. 39 as blocks and processing and
data flows that are notillustrated in Fig. 39 as arrows and
the like may be present in the reproduction device 400.
[0267] Asillustratedin Fig. 39, the reproduction device
400 includes a control unit 401, a file acquiring unit 411,
a reproduction processing unit 412, and a presentation
processing unit 413. The reproduction processing unit
412 includes a file processing unit 421, a decoding unit
422, and a presentation information generating unit 423.
[0268] The control unit 401 controls each processing
unit disposed inside the reproduction device 400. The
file acquiring unit 411 acquires a G-PCC file storing a
point cloud to be reproduced and supplies the acquired
G-PCC file to the reproduction processing unit 412 (the
file processing unit 421 thereof). The reproduction
processing unit412 performs a process relating to repro-
duction of a point cloud stored in the supplied G-PCC file.
[0269] The file processing unit 421 of the reproduction
processing unit 412 acquires a G-PCC file supplied from
the file acquiring unit 411 and extracts a bit stream from
the G-PCC file. At that time, in <2. Information transmis-
sion based on change in relationship with 3D spatial re-
gion in time direction>, the file processing unit 421 ex-
tracts data (a bit stream) of a tile composing a desired
3D spatial region from the G-PCC file by applying the
presenttechnology described above. The file processing
unit 421 supplies the extracted bit stream to the decoding
unit 422. The decoding unit 422 decodes the supplied bit
stream, thereby generating data of a geometry and an
attribute. The decoding unit 422 supplies the generated
data of the geometry and the attribute to the presentation
information generating unit 423. The presentation infor-
mation generating unit 423 constructs a point cloud using
the supplied data of the geometry and the attribute and
generates presentation information that is information
used for presenting (for example, displaying) the point
cloud. For example, the presentation information gener-



47

ating unit 423 performs rendering using the point cloud
and generates a display image acquired by seeing the
point cloud from a predetermined visual point as presen-
tation information. The presentation information gener-
ating unit 423 supplies the presentation information gen-
erated in this way to the presentation processing unit413.
[0270] The presentation processing unit 413 performs
a process of presenting the supplied presentation infor-
mation. For example, the presentation processing unit
413 supplies the presentation information to a display
device or the like disposed outside of the reproduction
device 400 and causes the display device or the like to
present the presentation information.

<6-2. Reproduction processing unit>

[0271] Fig. 40 is a block diagram illustrating a main
configuration example of the reproduction processing
unit 412. As illustrated in Fig. 40, the file processing unit
421 includes a bit stream extracting unit 431. The decod-
ing unit 422 includes a geometry decoding unit 441 and
an attribute decoding unit 442. The presentation infor-
mation generating unit 423 includes a point cloud con-
structing unit 451 and a presentation processing unit 452.
[0272] In <2. Information transmission based on
change in relationship with 3D spatial region in time di-
rection>, by applying the present technology described
above, the bit stream extracting unit 431 extracts a bit
stream from the supplied G-PCC file. For example, the
bit stream extracting unit 431 refers to first information
included in the supplied G-PCC file, in a case in which a
relationship of the point cloud for a three-dimensional
spatial region (3D spatial region) that is independently
decodable is static, and extracts data (a bit stream) of a
tile composing a three-dimensional spatial region con-
structing the point cloud on the basis of second informa-
tion about the three-dimensional spatial region generat-
ed in accordance with the first information. At that time,
the bit stream extracting unit 431 can apply the arbitrary
method described above in <2. Information transmission
based on change in relationship with 3D spatial region
in time direction>.

[0273] The bit stream extracting unit 431 supplies the
extracted geometry bit stream to the geometry decoding
unit 441. In addition, the bit stream extracting unit 431
supplies the extracted attribute bit stream to the attribute
decoding unit 442.

[0274] The geometry decoding unit 441 decodes the
supplied geometry bit stream, thereby generating data
of the geometry. The geometry decoding unit 441 sup-
plies the generated data of the geometry to the point
cloud constructing unit 451. The attribute decoding unit
442 decodes the supplied attribute bit stream, thereby
generating data of the attribute. The attribute decoding
unit 442 supplies the generated data of the attribute to
the point cloud constructing unit 451.

[0275] The pointcloud constructingunit451 constructs
a point cloud using the supplied data of the geometry and

EP 4 266 256 A1

10

15

20

25

30

35

40

45

50

55

25

48

the attribute. In other words, the point cloud constructing
unit 451 can construct a desired tile of the point cloud.
The point cloud constructing unit 451 supplies data of
the constructed point cloud to the presentation process-
ing unit 452.

[0276] The presentation processing unit 452 gener-
ates presentation information using the supplied data of
the point cloud. The presentation processing unit 452
supplies the generated presentation information to the
presentation processing unit 413.

[0277] By configuring as such, the reproduction device
400 can inhibit an increase in the load of the reproduction
processin <2. Information transmission based on change
in relationship with 3D spatial region in time direction>
as described above.

<6-3. Flow of reproduction process>

[0278] An example of a reproduction process per-
formed by this reproduction device 400 will be describe
with reference to a flowchart illustrated in Fig. 41.
[0279] When the reproduction process starts, the file
acquiring unit 411 of the reproduction device 400 ac-
quires a G-PCC file to be reproduced in Step S401.
[0280] In Step S402, in <2. Information transmission
based on change in relationship with 3D spatial region
in time direction>, by applying the present technology
described above, the bit stream extracting unit 431 ex-
tracts a bit stream from the G-PCC file acquired in Step
S401. For example, the bit stream extracting unit 431
refers to firstinformation included in the supplied G-PCC
file, in a case in which a relationship of the point cloud
for a three-dimensional spatial region (3D spatial region)
that is independently decodable is static, and extracts
data (a bit stream) of a tile composing a three-dimension-
al spatial region constructing the point cloud on the basis
of second information about the three-dimensional spa-
tial region generated in accordance with the first infor-
mation. At that time, the bit stream extracting unit 431
can apply the arbitrary method described above in <2.
Information transmission based on change in relation-
ship with 3D spatial region in time direction>.

[0281] In Step S403, the geometry decoding unit 441
of the decoding unit422 decodes the geometry bit stream
extracted in Step S402, thereby generating data of a ge-
ometry. In addition, the attribute decoding unit 442 de-
codes the attribute bit stream extracted in Step S402,
thereby generating data of an attribute.

[0282] In Step S404, the point cloud constructing unit
451 constructs a point cloud using the data of the geom-
etry and the attribute generated in Step S403. In other
words, the point cloud constructing unit451 can construct
a desired tile (a part of the point cloud).

[0283] In Step S405, the presentation processing unit
452 performs rendering and the like using the point cloud
constructed in Step S404, thereby generating presenta-
tion information. The presentation processing unit 413
supplies the presentation information to the outside of
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the reproduction device 400 and causes the presentation
information to be presented.

[0284] When the process of Step S405 ends, the re-
production process ends.

[0285] As above, by applying the present technology
described in <2. Information transmission based on
change in relationship with 3D spatial region in time di-
rection> in the reproduction process, the reproduction
device 400 extracts data (a bit stream) of a tile composing
a three-dimensional spatial region constructing a point
cloud from the G-PCC file on the basis of the first infor-
mation and the second information. By configuring as
such, as described above in <2. Information transmission
based on change in relationship with 3D spatial region
in time direction>, the reproduction device 400 can inhibit
an increase in the load of the reproduction process.

<7. Supplement>
<Computer>

[0286] The above-described series of processing can
be executed by hardware or software. In the case where
the series of processes are executed by software, a pro-
gram that configures the software is installed on a com-
puter. Here, the computer includes, for example, a com-
puter built in dedicated hardware and a general-purpose
personal computer on which various programs are in-
stalled to be able to execute various functions.

[0287] Fig. 42 is a block diagram showing an example
of a hardware configuration of a computer that executes
the above-described series of processing according to a
program.

[0288] Inacomputer 900 illustratedin Fig. 42, a central
processing unit (CPU) 901, a read only memory (ROM)
902, and a random access memory (RAM) 903 are con-
nected to each other via a bus 904.

[0289] An input/output interface 910 is also connected
to the bus 904. An input unit 911, an output unit 912, a
storage unit 913, a communication unit 914, and a drive
915 are connected to the input/output interface 910.
[0290] The input unit 911 is, for example, a keyboard,
a mouse, a microphone, a touch panel, or an input ter-
minal. The output unit 912 is, for example, a display, a
speaker, or an output terminal. The storage unit 913 in-
cludes, for example, a hard disk, a RAM disk, or a non-
volatile memory. The communication unit 914 includes,
for example, a network interface. The drive 915 drives a
removable medium 921 such as a magnetic disk, an op-
tical disc, a magneto-optical disk, or a semiconductor
memory.

[0291] Inthe computer having the above configuration,
the CPU 901 performs the aforementioned series of proc-
esses by loading a program stored in the storage unit
913 to the RAM 903 via the input/output interface 910
and the bus 904 and executing the program, for example.
The RAM 903 also appropriately stores data and the like
necessary for the CPU 901 to execute various kinds of
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processing.
[0292] The program executed by the computer can be

recorded in, for example, the removable medium 921 as
a package medium or the like and provided in such a
form. In such a case, the program can be installed in the
storage unit 913 via the input/output interface 910 by in-
serting the removable medium 921 into the drive 915.
[0293] This program can also be provided via wired or
wireless transfer medium such as a local area network,
the Internet, and digital satellite broadcasting. In such a
case, the program can be received by the communication
unit 914 and installed in the storage unit 913.

[0294] In addition, this program may be installed in ad-
vance in the ROM 902 or the storage unit 913.

<Applicable target of present technology>

[0295] In the description presented above, although a
case in which the present technology is applied mainly
to a method in which a G-PCC bit stream is stored in an
ISOBMFF has been described, an applicable target of
the present technology is arbitrary and is not limited to
the examples described above. In other words, the format
of a file storing a G-PCC bit stream is arbitrary and is not
limited to the ISOBMFF and the Matroska media contain-
er described above. In addition, an encoding/decoding
system of 3D data (a point cloud) is arbitrary and is not
limited to the G-PCC. Furthermore, the format of 3D data
is arbitrary and may be aformat other than the point cloud.
In other words, some or all of specifications such as files,
an encoding/decoding system, 3D data and genera-
tion/construction methods thereof, and the like may be
different from those of the example described above as
long as they are not contradictory to the features of the
present technology described above. In addition, some
of the processes and the specifications described above
may be omitted.

[0296] Furthermore, the presenttechnology canbe ap-
plied to an arbitrary configuration. For example, the
present technology can be applied to various electronic
devices.

[0297] Forexample,the presenttechnology can beim-
plemented as a configuration of a part of a device such
as a processor (for example, a video processor) of a sys-
tem large scale integration (LSI), a module (for example,
a video module) using a plurality of processors or the
like, a unit (for example, a video unit) using a plurality of
modules or the like, or a set (for example, a video set)
with other functions added to the unit.

[0298] Also, the present technology can also be ap-
plied to a network system configured of a plurality of de-
vices, for example. The present technology may be per-
formed by cloud computing in which it is assigned to and
processed together by a plurality of devices via a network,
for example. For example, the present technology may
be performed in a cloud service that provides services
regarding images (moving images) to arbitrary terminals
such as a computer, anaudio visual (AV) device, a mobile
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information processing terminal, an Internet-of-Things
(loT) device, and the like.

[0299] In the present specification, a system means a
set of a plurality of constituent elements (devices, mod-
ules (parts), or the like) and all the constituent elements
may be or may not be in the same casing. Accordingly,
a plurality of devices accommodated in separate casings
and connected via a network and a single device accom-
modating a plurality of modules in a single casing are all
a system.

<Fields and applications to which present technology is
applicable>

[0300] A system, device, a processing unit, and the
like to which the present technology is applied can be
used in any field such as traffic, medical treatment, se-
curity, agriculture, livestock industries, a mining industry,
beauty, factories, home appliance, weather, and natural
surveillance, for example. Any purpose can be set.
[0301] Forexample,the presenttechnology can be ap-
plied to systems and devices for providing ornamental
content and the like. In addition, for example, the present
technology can be applied to systems and devices avail-
able for traffic, such as traffic condition monitoring and
autonomous driving control. Further, for example, the
present technology can be applied to systems and de-
vices available for security. In addition, for example, the
present technology can be applied to systems and de-
vices available for automatic control of machines and the
like. Further, for example, the present technology can be
applied to systems and devices available for agriculture
and livestock industry. In addition, the presenttechnology
can also be applied, for example, to systems and devices
for monitoring natural conditions such as volcanoes, for-
ests, and oceans and wildlife. Further, for example, the
present technology can be applied to systems and de-
vices available for sports.

<Others>

[0302] Note that the "flag" in the present specification
is information for identifying a plurality of states and in-
cludes not only information used to identify two states,
namely true (1) or false (0), but also information with
which three or more states can be identified. Therefore,
values that the "flag" can take may be, for example, two
values of 1 and O or three or more values. In other words,
the number of bits constituting the "flag" may be an ar-
bitrary number and may be 1 bit or a plurality of bits. Also,
since not only the form in which the identification infor-
mation is included in a bit stream but also the form in
which difference information of identification information
with respect to certain reference information is included
in a bit stream can be assumed as the identification in-
formation (including the flag), the "flag" and the "identifi-
cation information" in the present specification include
not only the information itself but also the difference in-
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formation with respect to the reference information.
[0303] Also, various kinds of information (such as
metadata) related to encoded data (bit stream) may be
transmitted or recorded in any form as long as it is asso-
ciated with the encoded data. Here, the term "associated"
means that when one data is processed, the other may
be used (may be linked), for example. In other words,
mutually associated items of data may be integrated as
one item of data or may be individual items of data. For
example, information associated with encoded data (im-
age) may be transmitted through a transmission path that
is different from that for the encoded data (image). Also,
the information associated with the encoded data (image)
may be recorded in a recording medium that is different
from that for the encoded data (image) (or a different
recording area in the same recording medium), for ex-
ample. Meanwhile, this "association" may be for part of
data, not the entire data. For example, an image and
information corresponding to the image may be associ-
ated with a plurality of frames, one frame, or any unit
such as a part in the frame.

[0304] Meanwhile, in the present specification, terms
such as "synthesize", "multiplex", "add", "integrate”, "in-
clude", "store", "putin", "enclose", and "insert" may mean,

for example, combining a plurality of objects into one,
such as combining encoded data and metadata into one
piece of data, and means one method of "associating"
described above.

[0305] Embodiments of the present technology are not
limited to the above-described embodiments and can be
changed variously within the scope of the present tech-
nology without departing from the gist of the present tech-
nology.

[0306] For example, a configuration described as one
device (or processing unit) may be split into and config-
ured as a plurality of devices (or processing units). Con-
versely, configurations described above as a plurality of
devices (or processing units) may be integrated and con-
figured as one device (or processing unit). Also, it is a
matter of course that configurations other than the afore-
mentioned configurations may be added to the configu-
ration of each device (or each processing unit). Moreo-
ver, some of configurations of a certain device (or
processing unit) may be included in a configuration of
another device (or another processing unit) as long as
configurations and operations of the entire system are
substantially the same.

[0307] Also, the aforementioned program may be ex-
ecuted by an arbitrary device, for example. In that case,
itis only necessary for the device to have necessary func-
tions (such as functional blocks) such that the device can
obtain necessary information.

[0308] Further, forexample, each step of one flowchart
may be executed by one device, or may be shared and
executed by a plurality of devices. Further, when a plu-
rality of processing are included in one step, one device
may execute the plurality of processing, or the plurality
of devices may share and execute the plurality of
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processing. In other words, it is also possible to execute
the plurality of processing included in one step as
processing of a plurality of steps. On the other hand, it
is also possible to execute processing described as a
plurality of steps collectively as one step.

[0309] Further, for example, in a program that is exe-
cuted by a computer, processing of steps describing the
program may be executed in time series in an order de-
scribed in the present specification, or may be executed
in parallel or individually at a required timing such as
when call is made. That is, the processing of the respec-
tive steps may be executed in an order different from the
above-described order as long as there is no contradic-
tion. Further, the processing of the steps describing this
program may be executed in parallel with processing of
another program, ormay be executed in combination with
the processing of the other program.

[0310] Further, for example, a plurality of technologies
regarding the present technology can be independently
implemented as a single body as long as there is no con-
tradiction. Of course, it is also possible to perform any
plurality of the present technologies in combination. For
example, it is also possible to implement some or all of
the present technologies described in any of the embod-
iments in combination with some or all of the present
technologies described in other embodiments. Further,
it is also possible to implement some or all of any of the
above-described present technologies in combination
with other technologies not described above.

[0311] The present technology can also be configured
as follows.

(1) Aninformation processing device including: afirst
information generating unit configured to generate
first information about a change in a relationship of
a point cloud expressing an object having a three-
dimensional shape for three-dimensional spatial re-
gions that are independently decodable; a second
information generating unit configured to generate
second information about the three-dimensional
spatial regions in accordance with the first informa-
tion; and a file generating unit configured to generate
a file storing a bit stream of encoded data acquired
by encoding the point cloud, the firstinformation, and
the second information.

(2) The information processing device described in
(1), wherein the first information generating unit gen-
erates information indicating whether the relation-
ship including a positional relation in a three-dimen-
sional space between the three-dimensional spatial
regions is static as the first information, and the sec-
ond information generating unit, in a case in which
the first information is true, generates information
representing a range in which the three-dimensional
spatial regions are able to be present as the second
information.

(3) The information processing device described in
(2), wherein the first information generating unitgen-
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erates information indicating whether the positional
relation is static as the first information.

(4) The information processing device described in
(2), wherein the firstinformation generating unit gen-
erates the positional relation and information indicat-
ing whether a correspondence relation between the
three-dimensional spatial regions and information
used for acquiring tiles of the point cloud is static as
the first information.

(5) The information processing device described in
(2), wherein the second information generating unit
generates information about the three-dimensional
spatial regions including a correspondence relation
between the three-dimensional spatial regions and
information used for acquiring tiles of the point cloud,
which is static, as second information.

(6) The information processing device described in
(5), wherein the information used for acquiring the
tiles is identification information of the tiles.

(7) The information processing device described in
(5), wherein the information used for acquiring the
tiles is identification information of tracks of the file
in which data of the tiles is stored.

(8) The information processing device described in
(1), wherein the firstinformation generating unit gen-
erates information indicating whether the relation-
ship including a positional relation in a three-dimen-
sional space between the three-dimensional spatial
regions is static as the firstinformation, and the sec-
ond information generating unit, in a case in which
the first information is true, generates information
representing the three-dimensional spatial regions
of which reference point positions of the three-di-
mensional spatial regions are static as the second
information.

(9) The information processing device described in
(1), wherein the firstinformation generating unit gen-
erates information indicating whether the relation-
ship including a positional relation in a three-dimen-
sional space between the three-dimensional spatial
regions is static as the firstinformation, and the sec-
ond information generating unit, in a case in which
the first information is true, generates information
representing the three-dimensional spatial region of
which a center position of the three-dimensional spa-
tial region is static as the second information.

(10) The information processing device described in
(1), wherein the firstinformation generating unit gen-
erates information indicating whether the relation-
ship including a correspondence relation between
the three-dimensional spatial regions and informa-
tion used for acquiring tiles of the point cloud is static
as the first information, and the second information
generating unit, in a case in which the first informa-
tion is true, does not include the information repre-
senting the correspondence relation as the second
information and generates dynamic information
about the three-dimensional spatial regions.
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(11) The information processing device described in
(10), wherein the first information generating unit
generates information indicating whether the corre-
spondence relation is static as the first information.
(12) The information processing device described in
(10), wherein the first information generating unit
generates positional relations in a three-dimensional
space between the three-dimensional spatial re-
gions and information indicating whether the corre-
spondence relation is static as the first information.
(13) The information processing device described in
(10), wherein the second information generating unit
generates dynamic information about the three-di-
mensional spatial regions further including informa-
tion representing the number of the three-dimension-
al spatial regions that are static.

(14) The information processing device described in
(10), wherein the information used for acquiring the
tiles is identification information of the tiles.

(15) The information processing device described in
(10), wherein the information used for acquiring the
tiles is identification information of tracks of the file
in which data of the tiles is stored.

(16) The information processing device described in
(1), wherein the file generating unit generates a con-
trol file for controlling reproduction of the file and
stores the first information in the control file.

(17) An information processing method including:
generating first information about a change in a re-
lationship of a point cloud expressing an object hav-
ing a three-dimensional shape for three-dimensional
spatial regions that are independently decodable;
generating second information about the three-di-
mensional spatial regions in accordance with the first
information; and generating a file storing a bit stream
of encoded data acquired by encoding the point
cloud, the first information, and the second informa-
tion.

(21) An information processing device including: an
extraction unit configured to refer to first information
about a change in a relationship of a point cloud for
three-dimensional spatial regions that are independ-
ently decodable, which is stored in a file in which a
bit stream of encoded data acquired by encoding the
point cloud expressing an object having a three-di-
mensional shape is stored, and, in a case in which
the relationship is static, extract data of tiles com-
posing the three-dimensional spatial regions con-
structing the point cloud on the basis of second in-
formation about the three-dimensional spatial re-
gions generated in accordance with the firstinforma-
tion; and a decoding unit configured to decode the
extracted data.

(22) The information processing device described in
(21), wherein the first information is information in-
dicating whether the relationship including a posi-
tional relation in a three-dimensional space between
the three-dimensional spatial regions is static, the
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second information is staticinformation representing
a range in which the three-dimensional spatial re-
gions are able to be present, and the extraction unit
specifies the three-dimensional spatial regions con-
structing the point cloud on the basis of the informa-
tion, which is static, representing the range in which
the three-dimensional spatial regions are able to be
present.

(23) The information processing device described in
(22), wherein the first information is information in-
dicating whether the positional relations are static.
(24) The information processing device described in
(22), wherein the first information is the positional
relations and information indicating whether the cor-
respondence relation between the three-dimension-
al spatial regions and the information used for ac-
quiring the tiles is static.

(25) The information processing device described in
(22), wherein the second information further includes
information about the three-dimensional spatial re-
gions including a correspondence relation between
the three-dimensional spatial regions and informa-
tion used for acquiring the tiles, which is static, and
the extraction unit extracts the data of the tiles com-
posing the three-dimensional spatial regions speci-
fied on the basis of the static information represent-
ing the range in which the three-dimensional spatial
regions are able to be present on the basis of the
information about the three-dimensional spatial re-
gions from the file.

(26) The information processing device described in
(25), wherein the information used for acquiring the
tiles is identification information of the tiles.

(27) The information processing device described in
(25), wherein the information used for acquiring the
tiles is identification information of tracks storing the
data of the tiles in the file.

(28) The information processing device described in
(21), wherein the first information is information in-
dicating whether the relationship including a posi-
tional relation in a three-dimensional space between
the three-dimensional spatial regions is static, the
second information is information representing the
three-dimensional spatial regions of which reference
point positions of the three-dimensional spatial re-
gions are static, and the extraction unit specifies the
three-dimensional spatial regions constructing the
point cloud on the basis of information representing
the three-dimensional spatial regions.

(29) The information processing device described in
(21), wherein the first information is information in-
dicating whether the relationship including a posi-
tional relation in a three-dimensional space between
the three-dimensional spatial regions is static, the
second information is information representing the
three-dimensional spatial regions of which center
positions of the three-dimensional spatial regions
are static, and the extraction unit specifies the three-
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dimensional spatial regions constructing the point
cloud on the basis of the information representing
the three-dimensional spatial regions.

(30) The information processing device described in
(21), wherein the first information is information in-
dicating whether the relationship including a corre-
spondence relation between the three-dimensional
spatial region and the information used for acquiring
the tiles is static, the second information is the infor-
mation about the three-dimensional spatial regions,
which are dynamic, notincluding the information rep-
resenting the correspondence relation, and the ex-
traction unit extracts the data of the tiles from the file
on the basis of the information about the three-di-
mensional spatial regions that are dynamic and the
information representing the correspondence rela-
tion that is static.

(31) The information processing device described in
(30), wherein the first information is information in-
dicating whether the correspondence relation is stat-
ic.

(32) The information processing device described in
(30), wherein the first information is the positional
relation in a three-dimensional space between the
three-dimensional spatial regions and information in-
dicating whether the correspondence relation is stat-
ic.

(33) The information processing device described in
(30), wherein the second information is information
about the three-dimensional spatial regions, which
are dynamic, further including information represent-
ing the number of the three-dimensional spatial re-
gions which are static, and the extraction unit ex-
tracts the data of the tiles from the file on the basis
of the information about the three-dimensional spa-
tial regions that are dynamic and the information rep-
resenting the correspondence relation that is static.
(34) The information processing device described in
(30), wherein the information used for acquiring the
tiles is identification information of the tiles.

(35) The information processing device described in
(30), wherein the information used for acquiring the
tiles is identification information of tracks storing the
data of the tiles in the file.

(36) The information processing device described in
(21), wherein the extraction unit refers to first infor-
mation stored in a control file for controlling repro-
duction of the file and, in a case in which the rela-
tionship is static, extracts data of the tiles from the
file on the basis of the second information stored in
the file.

(37) An information processing method including: re-
ferring to first information about a change in a rela-
tionship of a point cloud for three-dimensional spatial
regions that are independently decodable, which is
stored in a file in which a bit stream of encoded data
acquired by encoding the point cloud expressing an
object having a three-dimensional shape is stored,
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and, in a case in which the relationship is static, ex-
tracting data of tiles composing the three-dimension-
al spatial regions constructing the point cloud on the
basis of second information about the three-dimen-
sional spatial regions generated in accordance with
the first information; and decoding the extracted da-
ta.

[Reference Signs List]

[0312]

300 File generating device

311 Extraction unit

312  Encoding unit

313  Bit stream generating unit

314  First information generating unit
315  Second information generating unit
316  File generating unit

321  Geometry encoding unit

322  Attribute encoding unit

323  Metadata generating unit

400 Reproduction device

401  Control unit

411 File acquiring unit

412  Reproduction processing unit

413  Presentation processing unit

421  File processing unit

422  Decoding unit

423  Presentation information generating unit
431  Bit stream extracting unit

441  Geometry decoding unit

442  Attribute decoding unit

451  Point cloud constructing unit

452  Presentation processing unit
Claims

1. An information processing device comprising:

2,

a first information generating unit configured to
generate first information about a change in a
relationship of a point cloud expressing an object
having a three-dimensional shape for three-di-
mensional spatial regions that are independent-
ly decodabile;

a second information generating unit configured
to generate second information about the three-
dimensional spatial regions in accordance with
the first information; and

a file generating unit configured to generate a
file storing a bit stream of encoded data acquired
by encoding the point cloud, the firstinformation,
and the second information.

The information processing device according to
claim 1,
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wherein the firstinformation generating unitgen-
erates information indicating whether the rela-
tionship including a positional relation in a three-
dimensional space between the three-dimen-
sional spatial regions is static as the first infor-
mation, and

wherein the second information generating unit,
in a case in which the first information is true,
generates information representing a range in
which the three-dimensional spatial regions are
able to be present as the second information.

The information processing device according to
claim 2, wherein the first information generating unit
generates information indicating whether the posi-
tional relation is static as the first information.

The information processing device according to
claim 2, wherein the second information generating
unit generates information about the three-dimen-
sional spatial regionsincluding a correspondence re-
lation between the three-dimensional spatial regions
and information used for acquiring tiles of the point
cloud, which is static, as second information.

The information processing device according to
claim 1,

wherein the firstinformation generating unitgen-
erates information indicating whether the rela-
tionship including a correspondence relation be-
tween the three-dimensional spatial regions and
information used for acquiring tiles of the point
cloud is static as the first information, and
wherein the second information generating unit,
in a case in which the first information is true,
generates information about the three-dimen-
sional spatial regions, which are dynamic, and
does not include the information representing
the correspondence relation as the second in-
formation.

The information processing device according to
claim 5, wherein the first information generating unit
generates information indicating whether the corre-
spondence relation is static as the first information.

The information processing device according to
claim 5, wherein the second information generating
unit generates information about the three-dimen-
sional spatial regions that are dynamic, further in-
cluding information representing the number of the
three-dimensional spatial regions that are static.

The information processing device according to
claim 5, wherein the information used for acquiring
the tiles is identification information of the tiles.
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9.

The information processing device according to
claim 5, wherein the information used for acquiring
the tiles is identification information of tracks of the
file in which data of the tiles is stored.

10. An information processing method comprising:

generating first information about a change in a
relationship of a point cloud expressing an object
having a three-dimensional shape for three-di-
mensional spatial regions that are independent-
ly decodabile;

generating second information about the three-
dimensional spatial regions in accordance with
the first information; and

generating a file storing a bit stream of encoded
data acquired by encoding the point cloud, the
first information, and the second information.

11. An information processing device comprising:

an extraction unit configured to refer to first in-
formation about a change in a relationship of a
point cloud for three-dimensional spatial regions
that are independently decodable, which is
stored in a file in which a bit stream of encoded
data acquired by encoding the point cloud ex-
pressing an object having a three-dimensional
shape is stored, and, in a case in which the re-
lationship is static, extract data of tiles compos-
ing the three-dimensional spatial regions con-
structing the point cloud on the basis of second
information about the three-dimensional spatial
regions generated in accordance with the first
information; and

a decoding unit configured to decode the ex-
tracted data.

12. The information processing device according to

claim 11,

wherein the first information is information indi-
cating whether the relationship including a po-
sitionalrelation in athree-dimensional space be-
tween the three-dimensional spatial regions is
static,

wherein the second information is static infor-
mation representing a range in which the three-
dimensional spatial regions are able to be
present, and

wherein the extraction unit specifies the three-
dimensional spatial regions constructing the
point cloud on the basis of the information, which
is static,

representing the range in which the three-di-
mensional spatial regions are able to be present.

13. The information processing device according to
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15.

16.

17.

18.
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claim 12, wherein the first information is information
indicating whether the positional relations are static.

The information processing device according to
claim 12,

wherein the second information further includes
information about the three-dimensional spatial
regions including a correspondence relation be-
tween the three-dimensional spatial regions and
information used for acquiring the tiles, which is
static, and

wherein the extraction unit extracts the data of
the tiles composing the three-dimensional spa-
tial regions specified on the basis of the static
information representing the range in which the
three-dimensional spatial regions are able to be
present on the basis of the information about the
three-dimensional spatial regions from the file.

The information processing device according to
claim 11,

wherein the first information is information indi-
cating whether the relationship including a cor-
respondence relation between the three-dimen-
sional spatial region and the information used
for acquiring the tiles is static,

wherein the second information is the informa-
tion about the three-dimensional spatial regions,
which are dynamic, notincluding the information
representing the correspondence relation, and
wherein the extraction unit extracts the data of
the tiles from the file on the basis of the informa-
tion about the three-dimensional spatial regions
that are dynamic and the information represent-
ing the correspondence relation that is static.

The information processing device according to
claim 15, wherein the first information is information
indicating whether the correspondence relation is
static.

The information processing device according to
claim 15,

wherein the second information is information
about the three-dimensional spatial regions,
which are dynamic, further including information
representing the number of the three-dimen-
sional spatial regions which are static, and
wherein the extraction unit extracts the data of
the tiles from the file on the basis of the informa-
tion about the three-dimensional spatial regions
that are dynamic and the information represent-
ing the correspondence relation that is static.

The information processing device according to
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19.

62

claim 15, wherein the information used for acquiring
the tiles is identification information of the tiles.

The information processing device according to
claim 15, wherein the information used for acquiring
the tiles is identification information of tracks storing
the data of the tiles in the file.

20. An information processing method comprising:

referring to first information about a change in a
relationship of a point cloud for three-dimension-
al spatial regions that are independently deco-
dable, which is stored in a file in which a bit
stream of encoded data acquired by encoding
the point cloud expressing an object having a
three-dimensional shape is stored, and,

in a case in which the relationship is static, ex-
tracting data of tiles composing the three-dimen-
sional spatial regions constructing the point
cloud on the basis of second information about
the three-dimensional spatial regions generated
in accordance with the first information; and
decoding the extracted data.
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TRANSMIT FIRST INFORMATION ABOUT CHANGE OF RELATIONSHIP IN TIME
1 |DIRECTION IN 3D SPATIAL REGION AND SECOND INFORMATION ABOUT 3D
SPATIAL REGION GENERATED IN ACCORDANCE WITH FIRST INFORMATION

-1

FIRST INFORMATION: INFORMATION INDICATING WHETHER RELATIONSHIP
INCLUDING SPATIAL POSITIONAL RELATION BETWEEN 3D SPATIAL REGIONS
IS STATIC IN TIME DIRECTION

SECOND INFORMATION: 3DBoundingSpaceStruct GENERATED IN CASE IN
WHICH FIRST INFORMATION IS TRUE

1-1-1

FIRST INFORMATION;: static region_relation FLAG

1-1-2 | FIRST INFORMATION: static_mapping FLAG
SECOND INFORMATION: SECOND INFORMATICN:
DynamicGPCC3DSpatialRegionSample IN WHICH CORRESPONDENCE
1-1-3 | RELATION BETWEEN STATIC 3D SPATIAL REGION AND INFORMATION

USED FOR ACQUIRING TILE IS DESCRIBED IN CASE IN WHICH FIRST
INFORMATION IS TRUE

FIRST INFORMATION: INFORMATION INDICATING WHETHER RELATIONSHIP
INCLUDING SPATIAL POSITIONAL RELATION BETWEEN 3D SPATIAL REGIONS
IS STATIC IN TIME DIRECTION

SECOND INFORMATION: 3D SpatialRegionStruct IN WHICH REFERENCE POINT
POSITION OF 3D SPATIAL REGION IS FIXED IN CASE IN WHICH FIRST
INFORMATION IS TRUE

1-3

FIRST INFORMATION: INFORMATION INDICATING WHETHER
RELATIONSHIP INCLUDING SPATIAL POSITIONAL RELATION BETWEEN 3D
SPATIAL REGIONS IS STATIC IN TIME DIRECTION

SECOND INFORMATION: 3DSpatialRegionStruct IN WHICH CENTER
POSITION OF 3D SPATIAL REGION IS FIXED IN CASE IN WHICH FIRST
INFORMATION IS TRUE

1-4

FIRST INFORMATION: INFORMATION INDICATING WHETHER RELATIONSHIP INCLUDING
CORRESPONDENCE RELATION BETWEEN 3D SPATIAL REGION AND INFORMATION USED
FOR ACQUIRING TILE IS STATIC IN TIME DIRECTION

SECOND INFORMATION: DynamicGPCC3DSpatialRegionSample IN WHICH
CORRESPONDENCE RELATION BETWEEN 3D SPATIAL REGION AND INFORMATION USED
FOR ACQUIRING TILE IS OMITTED IN CASE IN WHICH FIRST INFORMATION IS TRUE

1-4~1

FIRST INFORMATION: static_tile_mapping FLAG

1-4-2

FIRST INFORMATION: static_mapping FLAG

1-4-3

SECOND INFORMATION: DynamicGPCC3DSpatialRegionSample IN WHICH
NUMBER OF STATIC 3d SPATIAL REGION IS DESCRIBED IN CASE IN WHICH
FIRST INFORMATION IS TRUE

1-5

COMBINATION

2 |TRANSMISSION USING MPD

3 | TRANSMISSION USING MATROSKA MEDIA CONTAINER
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Fig. 15
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